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{57) Abstract: The present invention relates to a hearing aid for insertion in the auditory canal, comprising a hearing aid housing
produced according to any of the preceding claims and comprising a face plate and a shell that is matched to the auditory canal of 2
3 user and has a tightening protrusion that extends along the surface of the shell and at least partly encircles the shell thereby providing
a tight seal against the auditory canal wall when the shell is inserted in the auditory canal.
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(54) Title: HEARING AID WTH A PROTRUSI ON AND METHOD QR MANKFACTURI NG A
HEARI NG AID r--~8 WB6 00 a b 0 (57) Abstract: The present invention
relates to a hearing aid for insertion in the auditory canal, conprising a
hearing aid housing O produced accbrding to any of the preceding clains
and conprising a face plate and a shell that is matched to the auditory
canal of a wuser and has a tightening protrusion that extends al ong the

surface. gEARRGG Al WITANWIPROTRESRIN RAD METADS FOH PANUFAGISUNG her eby

provi din a tight seal against the auditory canal wall when the shell is
i nsert edAHEAMHNGA t ory canal. 8 June 2005 1 HEARING AID WTH A
PROTRUSI ON AND METHOD FOR MANUFACTURI NG A HEARI NG Al D The present

i nvent i ofhdRdsalt B%eribn ARRY{AGMaLREheQF 2 ReallfAid M@siAd HachOBGVRGIL hat s
individually mtched to the shaPe of the auditory canal of a user. In US

5, 487, 019atchied ithgbapeiof thgpuditpysam! 913Ussmnuf act uri ng of a hearing ai d housing
conprising a hearing aid shell with an opening, and a face plate for

cover i NgmtU¥ss, P, Mlethdedistdd forl nanufaddny biRkAny BbGHAE dorh@isinpe shape of

the auditory canal .of a user. The nethaod conprises the st?ps of a) direct

or i ndi r bhseringa shell Wity oppning,andafags glagsitorcpyerig the prspipe- JAnshel 5 opt ai n

di gi tal indi@{dﬁall&&?fcﬁfﬁi&@ﬂxh Sipd drenesldinRegy caFe)l pfé@ﬁ%&@T@rﬁHﬂ}oﬂtorﬁﬂ}@esdhfgi tgl Cof th

: representatl n of the.s ape,j,nto mu I dil nensi onal comut er nodel of the
outer shi{fpa ogp d’cf‘??é“r%’fé‘f‘ifl‘?ﬂ@m%‘ﬁ%?ﬁfl?"% of the pusifpry cpL to ehiip #ifled product i on

of the sieldprbasid iRRhdh)®) eatasieiiraicgstalirégpdttdidtien bitheagdiimensi onal

conputer nodel of the shell. Problens re atinq@}o nan%facture of the face

pl at e ar'Bulfdimensiongl Sempwes rofs] of fbe epiter ghappaishe piching sheflzand pyeomier | oses a

hegr} ng @nggolmyﬁﬂlifb_ﬂorf &&}mﬂeuquaseaoﬁ ux!aa&taﬁﬁ%@édlﬁwmrﬂ}eghde-@idhﬁﬁﬁh dngl material  with
a deformabl e conpliant annul ar region. e hearing aj ousing is

manuf act $r@BeEgodel of theishrll. Lrpblemgrelating to manufzsture ph thedare Rlgte@¥&f npressi on to
create arflpphassUsnRsstaRl i ng the shell and applying conpliant material in
flowable form It is an object of an enbodi nent of the present invention to

t
provi de rther inprovenents of t{he above-nentioned nethod fo
anut act U Prig it ERHEEA gl PR THGE & 3 R GPEREHET Bl at ed 1o
aut omat i @ith OdefdrirgoldRmgfiacindtier rofiod. MRe ke@ig aithodding ih@kEFR@red BUS, it is an
obj ect of an enbodi nent of_%gggﬁtesenl invention to funthgh aﬁtonate
pr oduct i A™BE 31 HHMPIEERRY P SBPTRSI98 FA LGRSO &2 as PRSI ng ai ds. 1t
i S anot hal apllistlon@liantinateidddioelé foath. t he present invention to facilitate
opt i num

It is an object of an embodiment of the present invention to provide further improvements of
the above-mentioned method for manufacturing of a hearing aid housing, e. g. improvements

. related to automation of the manufacture of the hearing aid housing,

- Thus, it is an object of an embodiment of the present invention to further automate

production of individually matched housings of in-the-car hearing aids.

It is another object of an embediment of the present invention to facilitate optimum
utilization of the space available in the auditory canal and in the outer ear thereby minimizing

the size of the hearing aid.

1t is a further object of an embodiment of the present invention to provide a hearing aid with

a cosmetic atiractive appearance.

According to one aspect of the present invention, there is provided a methed for computer
controlled production of a hearing aid housing with a face plate and a shell that is matched to

the auditory canal of a user, comprising the steps of: acquiring data representing the shape of




utilization of the space available in the auditory ca??ﬁ sin the outer
ear thereby mnimzing the size of the hearing aid I's a further obj ect
of an enbodi nent of the present invention to provide a hearing aid with a
cosnetic attractive appearance. Accdrding to one aspect of the present
invention, there is provided a nethod for conputer controlled production
of a hearing aid housing wwth a face plate and a shell that is matched to
the audi ﬁleaamt&%@aial Q)frmﬁg W &Hede. dirh QB ﬁlbmoftmeﬁr%raﬁi 1fsingBk QUi i ng data
representing the s ape of 8 June 2005 2 the auditory canal, form ng a

t hr ee- di FREWEIEDTREE Wélﬁfadpdm@wrvéaﬂﬁmg@riaoq%abqsﬁborﬁ modehonput er based on

‘the dat awh@dslthl 5HfGbrRehednd 1RaE-kifBnsRinél niAkSbAgHBAR@Hn e Gob@del .  wherein
the step of formng the three-di nensional nodel conprises incl udi ng in the

nodel a tightgihe enirpRPnsrERdiRgaens thetigkirmiargntaprdigatisae Pty REAPYEE cont our t hat

at | east sHamhddl ivar 8AGE 86 %n hidBof BRNEL suffld stiftald sembERAS R R pMssaR area of the
shel |l surface selected so that ver(%/‘@IlttIe or pressure is exerted on

tissue rESxAPhY HEEpridnedewhen igardiemearthnal . According to another aspect
of the present invention, there is provided a hearing aid for insertion in

t he audi Aafowu@a@aiothelca@mdfme@ges@t Reakib) heRiiChriedsa b RGrink ki f@ face plate and
a-shell  that is matched to the auditory canal of a user, which shell has

been nanﬁf%m%atﬂvorya%hmpﬁan%%eaﬂw&@w&wﬂbafﬁﬁé}*%ﬁéﬂtﬁ the auditory

canal , f @&t HgcRd tohhaRditbRAS ioOakr, wiilaklglell Rfs bEdenadig@dhBgbhai d housing in a
corrput er based on the data, selecti ng) in the nodel a_ tightening contour at
| east paf Oyigngdsiarpresspatige the shagmefthe aydiipry gemah feingfdaeafBife i af area of the

shel | sumB@cﬁt&qJe&ﬁ:rg@fa hSidgied conpuér Babddloh ehe@hta,RBtedih® :iShY BodeBa €XErted on
tissue residjing deep in_ the auditory canal ‘Pf{ér oducing a hearing aid

housi ng Uﬁqeﬁmﬁc‘ﬁlf‘ﬂbvéca%)??‘@ﬁmcﬁﬂmﬁlﬂlﬁﬁ‘@en‘taﬁ@hﬁtq‘ﬁ eradp & B6r . and

deposi t i g@l kuffadeiBleEdr0 MRt very BillEdrind brefsofe if REE108 tidud le@BihPheRpty inght eni ng
protrusion that extends along the surface of the shell and at |east partly

enci r cl e®e fygHons paopk, prodyging g hepiipe g heysigg Miitka gopYesKiendingong S nst t he audit ory

canal WafighteMig BorkddE, afid\@hdsiting id (REGHSved niatanmm foridiatiRkiYle Gigid@ling According to
anot her aspect of the agﬂesent invention, there is provided a hearing aid

for i nsEPFUSIOR tetexiends along fhe sydpocefih Shd]c?&ﬁfbtrl?aéﬁpﬁ'@lyﬁnq‘f@]ﬁ? el housing with

a face pbair Rbdd Ehakd] agdiRfthe LRitdRtmNSAN et RN Aiidsoke ic@pal of a user,
whi ch shel | has been manu%actur ed by acquiring data representing the shape

of the afMit¥f3plcanal, forning a three-di nensional nodel of the hearing
aid housing in a conputer based on the data, selecting in the nodel a
ti ght eni AgofiaiRk@ahbihataspetiast the pakdnt Mveni6i, thede igt@ovide a hehd sid wpd that ext ends

al ong anmsaél;'tﬁ)% mot];le zstturc]lltory canal, comprising a hearing aid housing with a face plate and a shell
that is matched to the auditory canal of a user, which shell has been manufactured by
acquiring data representing the shape of the auditory canal, forming a three-dimensional
model of the hearing aid housing in a computer based on the data, selecting in the model a
tightening contour at least partly encircling the shell, and that extends along an area of the
shell surface selected so that very little or no pressure is exerted on tissue residing deeply in
the auditory canal and producing a hearing aid housing with a tightening protrusion
extending along the tightening contour, in which protrusion the outer dimensions of the shell

are increased in order to provide a tight seal against the auditory canal wall when the shell is

inserted in the auditory canal.

Thus, according to an embodiment of the invention, design and manufacturing of the face
plate includes at least one automatic processing step based on data from the model of the
hearing aid housing whereby the face plate is automatically manufactured to fit the hearing aid

- shell, For example, junction contour data may be provided to a numerically controlled machine



shel | surface selected so that very little or no presgyre jssexerted on
tissue residing deeply in the auditory canal and producing a hearing aid
housing with a tightening protrusion extending along the tightening

contour, in which protrusion the outer dinensions of the shell are
increased in order to provide a tight seal against the auditory canal wall
when the shell is inserted in the auditory canal. Thus, according to an

embodi megphs ;@bmhdRfily NG REPRRLY AR H S ALk PIROMIAGIHAth B ShaPhatliEmE aCe  plate
i ncludes at | east ‘one automatic processing step based on data fromthe

nmodel of jupgiien cqdf-i ng ai d housi ng whereby the face plate is automatically
manuf actured to fit the hearing aid shell. For exanple, junction contour

dat a mayvARuPheNddd etlictetnifing IR GiG thashsR 1 £ Bdy 8dcn B eéaP fnposslstpe 2005 3
that automatically cuts a separately manufactured face plate along a

cont our ¥auel-kpavRids aptReterpipgtien of gpsitiop phaggint ongayrfagyef apelissdbRy YBf  det er ni ni ng
Or acqui perBgheld HEmSARRShe@fanithl BIRY intoThitfd: With (RS pofdfdnd tIBfERS oS Ron ofal €

wel | -known in the art. Determination of position of a point on a surface of
an obj ecte mgshanieal dsyice.feof- HEBE HSP-HHPIITYCLN IS EREHchAYISRSYPT® BHYINg contact with
t he poi ngagnd reading the position of the mechanical device, e. g. using a
co-ordi nate neasuring nmachi ne having scales on noving parts. In

- non-contact nmeasurenents, positions of points he surface of an object

R

nt
my be BEPRFIHATEFAREIITE RO PN Suvfwe? HeRIFE 99 OF adi at ed ener gy

towar ds ddiemiaéy Batanaiting SRl able Behnts dcHadihedleiRRS k@rds iRlobdasnd Nt eracted with
arbitrar‘ie&:)arts_of t he obj ect. ;;h radi ated energy .may be of any form such

as ul t r aleGine rrdigigdensraythatdgy ingra Jrejisary pagis gbthy BRiechnet i ¢ radi ation of any
frequency, such as radiation of X-rays, gamma rays, ultraviolet |ight,

vi si bl e THegitiatedieRdrEnBobelof §ytformf sich hsilitfadduRel radREdnAtdudiadibddl, r adi ation, HF
radi ation, etc, particle radiation, such as radiation of electrons,

neut r onselecppiastisapdiqtion efany frequencistspch ayFadiatios) of Kerays HEHESe of which is to
be det er fRRfls i lBYisibIO G, 3bhrelidl b RBarb AMIALE EEDEHR MY, BY raal8ld, €Ct i NG,
refracting, diffracting or absorbing energy or by any conbi nation hereof.
For exangi,earticle tadigteon, swelyasamdiatiomof] dentecs, nkwtphs, albaparticpaatodgc.t he obj ect under
measurenent, and a video canera with a CCD chip may be utilized to detect

| i ght di \ I e. Su ce Qf . . &C en, positions
of poi ntfsﬁegﬁﬁ%th%g %&ée% g%gg%% K?%]edte%%jn%e?t’&iryg é%tﬁl%gjeetrﬁ%tﬁ%ﬁf’j beam are

det er m neflechiyg, tefrh@ing \diffbdtiogormrabiolbigtsnerdn@ blp emynaoinbinstivahtredfcr oss t he surface
of the object e.g. by a novable mrror. The shape of an object may al so be

determined With 8Bl al by Ol i S5 S S AIE! Ater miSrement, and a

ot

video camera with a CCD chip may be utilized to detect light diffusely reflected from the
surface of the object. Then, positions of points of the surface of the object reflecting the light
beam are determined by triangulation methods. The beam is swept across the surface of the

object e.g. by a movable mirror.

The shape of an object may also be determined with a plurality of ¢lectronic cameras. The
object is then illuminated by a set of incoherent light sources, such as light bulbs, emitting

substantially white light in all directions. A plurality of cameras with known positions in




| object is then illumnated by a set of incoherent IigF such as
| i ght bulbs, emtting substantially white light in a H |rect|ons A
plurality of cameras with known positions in 8 June 2005 3a relation to
each other are used to determ ne pdaitions of points of the surfaces of the
object by triangulation nethods. Wen the shape of the auditory canal is
acquired by scanning of the canal itself, dynamc recording of the
audi t ory £3nak MX&%&%@{(&&% o A6 of B S BREuBes PG i gy0r Y canal
changes as a result of speaking, eating, drinking etc, this nethod of
acqui ri ngiatgebtiehmghodsf t he auditory canal provides data whi ch vary in tine
wher eby such shape changes can also be taken into consideration during
manuf act yre, AL slhErGRLES o! ﬂf N¥seir HulfEnatively, a
plurality o ? s régﬁgons ﬂgﬁgggﬁgQ eg %#%gryﬁbdﬁg% with the jaw in
vari ous we@éegoﬁth@upmy@ap@n@wwe@fmmd Smeé@@wmﬂhfwdmiﬂealchanges of the
audi t orY b £l of SEATR! dring WIS hiAAS SFAX 4y one with
ut sd’%oﬁg SRR, Gting) BBl ik qu%ggﬁi Jita

cl osed open Havi ng acqui ré dat a
represenmwﬁyyﬁhdp@ﬁ@ﬁémawhﬂh@naman@MWﬁnaﬂb%maﬁmmaﬁgﬁ@bObﬂﬂ@he outer ear,
these da J aﬂﬁﬂ known net hods of
CAD/ CAM LI?Q m&gn&%ﬂmﬁl %’&ngg%g%%&gﬁgg%gﬁt agd ‘\c{iﬁ%\/dénuf acturing) systens

to design and produce a hearing aid housing, e. g. including formng a

t hr ee- di fri¢Ratizelnla piwalis] of grprespiansaimybe made af he auﬁ@a'rqa%wah te@Nar| . Furt her,

t he nod el/anﬂﬁ)fm{}&m@'péﬂoﬂsyﬁ Bd@" RedrMBIML SihpeShdnSE Bt thdhuliRdky @k FhhT ee-

di mensi onal views and two-di nensional cross-sections, ‘and various automatic
and oper eewple, tye irmpressiprscnay bpmadeaamely orevithdileses mevéh ad ges VidrPeriescr i bed
herein, fetmadjustment of the nodel nmay be provided by a CAD/ CAM system
Thus, according to an enbodi nent the present invention, a CAD)CAM systemis
prOV|ded for desugn and manufacture of a hearing aid hou5|ng wth a face

pl at e anHavingapmwired digialidat sepreseping His ghaperihs audifpreicanghand amer af heuis user,
conpri si B ResPdReRSIR furfifi3lanipilaRE aRbak t&wéua&ew&etﬁm of ADLR3S data

representlgg t he shape of the auditory canal, form ng a three-dinensional
nodel @p'stﬁéwied a%@@oyﬁut?r%’eawfacm) et oLy apfreduredr esent i ng t he
-nodel  f Ofeath 108 e Qf mcm% fohghd a Md&%meﬁrﬁgﬁo&i FR shaseetnon the nodel .
Two identica nnde orned romthe acquired digital data, i. e. a

nodel - of heeries adidell @Whef chermpdelimay e dismieyed opagomprier seisen Ip HEHS BEF-  and a nodel

of the haﬁa@ﬁsmame% &k}ﬁbvb.dlmmﬁoﬂzp&@sk-s&tm&%d vﬁ%@é Ju%ﬁéu&eﬁaﬁ%berit&*m' ns
unchanged while the nodel of the hearing aid shell may be subject to

nmodi f i catdnielied &mﬂ%mﬁd@a @E&HCW feseribe b‘ﬁ?l&rf@§d13§m9ﬂt pftheymodebscri bed bel ow.
The node}, s, ¥BYoRRd by a CAD/CAM system.

. Thus, according to an embodiment the present invention, a CAD/CAM system is provided
for design and manufacture of a hearing aid housing with a face plate and a shell that is
.matched to the auditory canal of a user, comprising a processor that is adapted to receive and
process data representing the shape of the auditory canal, forming a three-dimensional model
of the shell based on the data, and outputting data representing the model for production of
the shell and the face plate based on the model.

Two identical models may be formed from the acquired digital data, i. . a model of the auditory
canal including a part of the outer ear, and a model of the hearing aid shell. The model of the
auditory canal remains unchanged while the model of the hearing aid shell may be subject to

modifications and additions of various features as will be described below. The models may be




8 June 2005 4 displayed in distinguishable colors, agg, thg.ghell nmay be

di splayed inserted in the auditory canal. For this and other purposes, the
nodel of the auditory canal may be displayed transparently. Upon formation
of ‘the three-di mensional nodel of tfe hearing aid shell, a contour
encircling the shell may be selected for definition of a junction between
the hearing aid shell and the face plate, and data representing the

sel ect eddispisved inglistieagivhablercolersyand éheghatlanayiba digrlayed wpesiediisl the audibpsy j unct i on
contour | i : sipag t he i nvention,

t he shel Fﬁﬁl?ogﬁ%(g%gg&tgg%gﬁs’@%%g o?rglgltgl?mgﬁé maglv begﬁlgﬁlﬁ nated with an

out war d Bpepdrelly-def i ned by the junction contour. In one enbodi nent of the
invention the junction contour data are transferred to a nunerically
control |l ed machi ne that autonatically cuts a separately manufactured face
pl at e al Unep farmadennf $igthreedimensignal medel pfthe hagries didhell @ sersaw encaglingent | oned
above, ¢ [ sleRE) bolieONoPlfinfTBY ofiGuncilorteARE HORLAM oi AEPEHRI € Wi th a pl ane
face plate. The face plate may conprise positioning nmeans for engaging wth
cor r espofes Pige. pebdaarem¢spring fhe sglested funpting camier mag be defpaningde ci r cunf erence of
the facepplahf HBLEREScdnlber ik WPGhd BRogontour of the shell when the face

pl ate positioning nmeans engage with the shell positioning neans. In a
preferred enbodi nent, the face plate positioning neans conprises at | east
one faceapl,afifs (o M ok Bt AL inl&fiord, GhNSUSSRES tRica bR G hREG i 2t e, and the
shel | positioning neans conprises indentations that are adapted to receive
and mat cimay bederpinated yih aronevardensnipg dgfisedhydheivstioneontfiie face plate is cut
along the junction contour so that it nmatches the junction contour when the
at |least one face plate protrusion are received by the mating indentations
of the sheint emitodimephpof the dvenion thy dunetipm|conteyr datpare frapserrpyd gravEalbhe shell is
fact | i1 Lo aGRRULASIROR TRIL scpleily b fachlrdd fecBRM ddnpll NG_MEANS
conprises at |east one face plate protiusion at the inner surface of the
face pl atatopetherimatrhds ity jenctionrentepry fymendpred ebovefthejpmstipngoatoushaybe at a

di stanceaﬁlg&%ﬁtg\gcﬁhﬂagﬁi%ﬁgﬁg{gfggggtatei_ s substantially equal to the

t hi ckness of the shell at the junction contour. The shell positioning
means conprises the shell at the junction contour. The face plate is cut

al ong t hehe fege@lateainy cerarTise poskignipgmeant for pgeging¥ith (9EePenEiPERI®ESt our when

the ends;afys bfife @i do9@$ the ORGmERAGEe B iRl oo PlaRiiBlQR: BRMbn tRRuLST F €spondi ng
part of the inner surface of the shell. The shell “positioning neans may
further hephsHivsen the Beanlpie repiforing meqas enpags &ith 81 shed ppdiioning@eaitdi ng i nwar dl y
towards the interior of the shell for reception and holding corresponding
face pl ajng pfrlel Ysibdahent, the face plate positioning means comprises at least one face plate

protrusion at the inner surface of the face plate, and the shell positioning means comprises
indentations that are adapted to receive and match the at least one face plate protrusion. The
face plate is cut along the junction contour so that it matches the junction contour when the at
least one face plate protrusion are received by the mating indentations of the shell whereby

correct assembly of the face plate and the shell is facilitated.

. In another embodiment, the face plate positioning means comprises at least one face plate
protrusion at the inner surface of the face plate terminating at the circumference of the face
plate at a distance from the circumference that is substantially equal to the thickness of the sliell at
the junction contour. The shell positioning means comprises the shell at the junction contour.
The face plate is cut along the junction contour so that it matches the junction contour when
the ends of the at least one face plate protrusion abut the corresponding part of the inner
surface of the shell. The shell positioning means may further comprise protrusions at the
junction contour extending inwardly towards the interior of the shell for reception and

holding corresponding face plate protrusions.




8 June 2005 WO 02/078392 PCT/EP02/03307 5 Shape, di gg[sisps. and position
of a battery opening in the face plate facilitating insertion and renoval
of a battery may be sel ected and included in the face plate nodel. Based on
the nodel, the opening may be provided automatically durin 7pr oducti on
utilizi W§ %4 "% erically controll ed worki ng machi ne. W’WO%(O&' mlar way, at

| east one m crophone opening may be provided in the face plate. In another
enbodi ment of the present invention, the hearing aid housing is
manufactured with an integrated face plate. The integrated face plate is
~defined a . Of rf of the .hearing. ald.housing that does not
mat ch theggﬂﬁﬁgg&%?&f’haé@%&l |%%t?a§§%c§nogrmcﬁm (g.acﬁ i ?ac:]%l%ﬁ%el?sf '%lmfan efines a

t er m nat i cmowd of HettdpmhE@selenedandindoded inthy fr@glargnadtieBsedrontemabdslgs of t he

user when ' J eng - S. 1 pserted... jtory canal.

-Qbvi ousl yfhg?ﬁegﬁ?g{gjéﬁ%ﬁrg}tl%d?’g@éﬁg%ﬁggﬁggaﬁ%%&%#@%%&ﬁwg&g%rt of the face

pl at e andcaniyelled Wefkinggrehinepr oduced toget her as one unit. For exanple, the
face plate is said to be integrated when the joining of the face plate to
the shel| il SRfir HhL 20188 Ghd BidrobIAL Gdhing SafHeQHNREHAN HRIRE HRE, W th the 15
shell, i.e. during production of the Shéell "the joining of the face plate to
the shell _is ing]%{entlé/ performed. According to a preferred enbodi nent of
the i nventdagpfher gmpqdiment of fhepressotigunntiopotieheagie Adhovsingdpmanyfagiized pidh £ o1 ned t hat
mat ches t heinsgheCtaediddinct i on contour, and the face plate nodel and the
shel |l nodel are conbined into one three-dinmensional nodel of the hearing

ai d housi ng.. Based. 20. on e .conbin nodel ,..a_heari. ai using with an
i nt egr at eggef"ét aﬁ?)qdfﬁ?aé’la%sfs ‘%’Eﬁe&&%wog.gﬁ?“rgﬁﬁ‘if e Drarge %ﬁﬁ%ﬁi@h@gﬁ%ﬁ* ot ypi ng

t echni quenot suehithashagt e iteahditbiyegrabihe usdrasthdy, isdefites b kepginationefahe deposi ti on
nodel i,pg, . dr.op. il .0t En esembl es ink je r.inting), etc. As
ment i &ﬁedhea '%aé'ﬂggérﬁgﬁuéén%nq%e%p #%ﬁl%léégféa‘?ﬁe%n%cg aé'flé aslfiulé%%l?g%i nmensi ons, and
posi ti on oertahin thepediforygaiah t he i ntegrated face plate facilitating insertion
and renoval of a battery nay be 25 selected and included in the face plate

model t hagyd; d D& plak1Edntdptadda ¢ hﬁé&i ﬂpﬂﬁg Lai lar way, at
| east onebﬂl@ﬁ%’%oﬂ%e P(I)pégﬁi ng m@’ﬁhﬁté'hg?so dé’g‘ﬂ?n thée%nhplgghgr eg?fgd face plate.

Di r ect i onBleduseidpgstheras orayni.Fopexainple heifece plstedyraid tgfedntegr emfea first and a

second m GfHIREOME fac @mom,shen%agﬁaj[-uﬁ&ioxcon&imk BRaRbd t!oge_aé wilfige M crophone
openlngs maybe cal cul ated, and first and second EOSI ions of the

resped? i vehek.iip-Springpgoduction plfheshell i inising obipetase pipte shsll isdeheselied t hat 30
correspongefofmed. desired directional characteristic. The cal cul ati ons may
i ncl ude the shape of the

According to a preferred embodiment of the invention, a three-dimensional model of the face
plate is formed that matches the selected junction contour, and the face plate model and the
shell model are combined into one three-dimensional model of the hearing aid housing, Based

20  onthe combined model, a hearing aid housing with an integrated face plate is produced, e.g.
utilizing a rapid prototyping technique, such as stereolithography, laser sintering, fused
deposition modeling, drop deposition printing (resembles ink jet printing), etc.

As mentioned above for the non-integrated face plate, shape, dimensions, and position of an
opening in the integrated face plate facilitating insertion and removal of a battery may be
25  selected and included in the face plate model that is further inciuded in the housing model.

In a similar way, at least one microphene opening may be provided in the integrated face plate.

Directional characteristics of two microphones positioned at a first and a second microphone
opening, respectively, of the at least one microphone openings may be calculated, and first and
second positions of the respective first and second microphone openings may be selected that

30  correspond to a desired directional characteristic. The calculations may include the shape of the




8 June 2005 WO 02/078392 PCT/EP02/03307 6 outer earg g, 5Hhgas determ ned
during determ nation of the shape of the corresponding auditory canal. The
face plate may have engagi ng nmeans for receiving and holding a hearing aid
compon , a nodel of the engagi ng neans nmay be |ncl in the face
pl ate ﬁ@ég?wﬁﬂgt inturnis 5 included in the heariﬁghyﬁﬂﬂﬁﬁﬁéing nodel so
that the integrated face plate naybes manufactured with the engagi ng neans,

e.g. using a rapid prototyping technique. In one enbodi nent of the
invention, a face plate is separately manufactured including a battery

openi ng. t-ﬂ?é?cﬁ%ﬁﬁe@}ﬁnmrg%&kﬂlﬁgoxmfﬁ&%}aﬁ%ﬁgt@c§19t:sgo(ﬁg§9%%lﬁfm§ he engagi ng

means. Then, the shell of the hearing ai sing | ced attached to
or abutti%gdthe plate, e.g. using a rapid 10 prototypi ng techni que, |ayer
by layer, the first layer or cross-section of the shell surrounding the
battery Op@fichgla®@n@ngave B @igMiadi ol icehiftl a6 RlidgWheding la bl of the
heari ng a!tﬂg hogélptﬁ' | n anot her  embodi nent of the invention, only a part
of the falfd2gPadar fiomegnsiyans iy Refpeiuded i thefaceiplaly modelduatin fugp 18| v

hnranuyc ast umgﬁhediﬂmsdm'mumfheﬁh s@@ﬁd@gotﬁdwmp@agfqtddsaohﬂgdeuﬁg& i nht he heari ng gi d
ousi ng nodel, and.the hearing ai ousing is produyced with an integrate
face pl at@mf%éwggﬁgaeﬁgwsgﬁuﬁ?ﬂ%Btrﬁ@‘ggré'ﬁé(g‘&%@ Nanuf act ured part

| ayer by layer, the first layer abutting the circunference of the part.

Al t er nat i Inehsgmbbiees lofthé inpentiorh efafeqilatceisl sepirately magrfaviuied idcldingnbhttergpposi ng t he

face pl at Txgqg ' face plate.has been forned termnating
with an %Blg{r%qng 2 vﬁc%gm%q%ﬁ%ﬁé@g?@ﬁ%% cﬁ%ﬁ‘fﬁfhﬁang%%g%a?scmg?cence of the
separ at el spelpef tdreasiig pid heusiog is prodesed atpchepiomr éhutting the platete.g wingesipid oned i n t he

openi ng b ﬂni@ﬁbd,l bl dnel e i E .0ne or nore
heari ng Z#}%O%L#st?ng matﬁgé‘b%1 %ﬁﬁhﬁﬁ as(:t{hl :r&é’g'&:gggnspg?%%ﬁgfﬁ%ﬁltﬁng&%%%ch utilizing
rapi d pr ohobaltery pepning elong thepseyioustpieleeted frpition coatopeaf 8iy hesriag aid kmmsindoe separ at el y
manuf actured including a plurality of battery openings corresponding to a

plurali tym@ﬁoﬂiaﬁaﬁﬂom%ﬁioﬂmbgmagmw pRer Bated iRt AlieaiBle Bkgp conpri se
engagi ng nmeans of the heari d housi ngs. en, at each ®of the battery

ng .ai | :
openi ngs WeUNF ffep?rgtelymaﬂ%furegﬁgmquugq?crqn%gpéphegmasg]ﬁhquwhqwqges pective
LS| . L B TR Bt | pmed sopar at ol y
manuf &tt ARHeHa ot U@Pg@ggp?%gmﬁ%@ﬂgp 1W§?¥1?¥fﬁg%?mﬁyeéah“&iﬁgd pr ot ot ypi ng
appar zgt ;J&hhém;uﬁ?ﬂ’etﬂieloedhemﬁ. Aﬂi&b mﬁmﬁtgeihe@najtvwf&lme' atmﬂt hg Wighakid eAg Al fl hou.sit Egs
I'-'n a patcn. | ur.e e ovi | e r 0 an.ap ratus w
posi t i ori°ﬁﬁos%§‘ﬁ§a"? b g@%‘&lﬁg? ?ﬁ%ﬁﬁﬁﬁ? Bﬁg%ﬁ;& X %Wé@aﬁaz ts i
preci se )Op_k[mg\hav1pg)$¢ uiofasnce machinghe & afidef (I8 yeparttelp Profiicedpatiofl W
correspong) 2 B pofk PuBRA M dhitind Bl b a3 s Bl =S OF the

20 Purther, one or more hearing aid housings may be manufactured in paralle} in a batch utilizing
rapid prototyping techniques. For example, a batch plate may be separately manufactured
including a plurality of battery openings corresponding to a plurality of hearing aid housings.
The batch plate may also comprise engaging means of the hearing aid housings. Then, at each
of the battery openings a shell is formed, the first Jayer surrounding the respective battery

25  opening along the junction contour of the respective hearing aid housing. In another example, a
plurality of the above-mentioned separately manufactured parts of the face plate are positioned
in a rapid prototyping apparatus for parallel manufacture of a phurality of hearing aid housings
in a batch. A fixture may be provided in the prototyping apparatus with positioning means for
accurately receiving and holding the parts in precisely known positions. Each of the parts may

30 be provided with corresponding positioning means that match the positioning means of the

fixture. '




fixture., - -- - --------- 8 June 2005 WD 02/ 078392 PC%{IEI%%OQSSW 7 The
separately manufactured face plate or part of the fac ‘f)rfa e or batch plate
may contain parts of netal, such as springs, elastically resilient |ugs,
electrical termnals, etc. The hearing aid may be a nnzaﬁ)lpgr hearing aid
conpri sYAJ¥W#8ari ng ai d housing and an el ectronic HoddP8 it h a socket,

at | east one m crophone, a signal prpcessor, and a receiver 5 enclosed in
the hearing aid housing. The hearing aid housing conprises a face plate
having a battery opening defined therein for passage of a battery and the
el ectroni ) [ i.d h | r] ngagi ng
nmeans for%eggcpg#beﬁnragg%%n%%&%?l 0&1%@#?#%&59?1%5 Orgbggckgjtgt.egg%n{lagu%%ﬁsei npor t ant
advant ageofohetd, lvech gpebeihgaroldsiesallyt nasiiteal lujgst diegtrical remiphle cter oni ¢ nodul e maybe
renoved fromthe hearing aid w thout damagi ng the hearing aid housing. 10
The engagiig.ikgkd nifYe LANRG: 1&g RQYBisink b AGkKS: ALGhe M@LFhes for
engagenment wth co- operating socket engaging nmeans fornmed on the socket.
The socke%le“éfﬁ’@‘é@l)q#‘{:‘f"i"r@éﬁ%c legsh PR Rieerhareas signakarecsssorel pfegdiYer | ugs. The | ugs
may besi NiRQERA e Whiid} alkbishizYTHE 8EFh A4 RoulthPdoffplideNDabd il HatiBy #OCket . Shape,
di mensi on, and position of an acoustic output opening in_the hearing aid

shel | f or batisryopeaing fAefned Bseip for mstameol baFNt Aa the Bestioniy madulr- Futhen HE t he
tynpani ¢ pead) aNRudiikoRtiseeh Qg theand R rdcdiihg b6 ebriotablyBldmE tle kockBrdel .

.Di splaying. the nodel of the headrin ai d, hou iglg inser# din the auditory
canal nod®&fs dapporinh advpmiasg pidhesag @ﬁ%ﬂ)‘ﬁgé@ﬂ?‘:% Frognmetle g P8 cousti ¢ out put
openi Nng SRmbhafroflie el willpardaiggifhd Fearigidndusing. t he direction of a

| ongi tudi nal axis of the auditory canal thus, mnimzing the risk of 20 the
out put_openi ng enitting sound towards a 1. .of .the audit canal or even
bei hg "Par LTerrgs spans Al SIE el o lot G ottt Ao it o

Pr ef er abl gperatitpsotketeengagng aecabs feousliondheiseckgr oduced with an i ntegrat ed
ventilation channel. Upon formation of a three-di nensional nodel of the
hearing aigl heushig; Lalﬁhﬁsﬂiﬂ% I i cluding the face plate, a
pat h may essel eié‘%lglgga ong m#@ﬂﬁsgtg%%ﬂ%llgg??{e%tlﬁgn channel is intended 25 to
extend. The venti] ation channel nmay constitute a tube with a uniform or
non- uni f oFbpeE 8K Le inteartrdoth dpitratfornimls petigting fmthyseckehannel . The
cross-section of the ventilation channel may be of any form such as a

ci rcul ar, Sig akeasionSGll fadfidh &an adoREit atGM bpthingd the Hegingdidenaar s, etc. The

shape . and, diency ons, O, 12, YSA L ALY SISl 61055, feldan and of the
and included in the shell model.

Displaying the model of the heacing aid housing inserted in the auditory canal model may
facilitate selection of a position of the acoustic output opening so that the ontput opening emits
sound in the direction of a longitudinal axis of the auditory canal thus, minimizing the risk of

20  the output opening emitting sound towards a wall of the auditory canal or even being partia]iy
or entirely occluded by an auditory canal wall.

Preferably, the hearing aid housing is produced with an integrated ventilation channe]. Upon
formation of a three-dimensional mode} of the hearing aid housing, the model including or
exchuding the face plate, a path may be selected along which the ventilation channel is intended

25  to extend. The ventilation channel may constitute a tube with a uniform or non-uniform cross-
section along the length of the chamnel. The cross-section of the ventilation channel may be of
any form, such as a circular, square, rectangular, rectanguiar with round corners, ete. The shape
and dimensions of the ventilation channel cross-section and of the ventilation chapne] walls
may be specified manually, e.g. as is well-known from CAD/CAM systems, and may vary

30  zlong the length of the channel. The shell wall may constitute a part of the wall of the

ventilation chanoel. Data representing the opening of the ventilation channel in the hearing aid




may be specified manually, e.g. as is well-known frorr?;%gl(%aﬁyl systens, and
may vary 30 along the length of the channel. The shell wa nmay constitute

a part of the wall of the wventilation channel. Data representing the
openi ng. Qf w? ventilation channel in the hearing ailgq 005 WO
02/ 07838 CBEH P02/ 03307 8 shel opposite the face T%Pé%;a?‘gzcal cul at ed,
and the shell may be automatically p?oduced with the ventilation channel

opening. Further, the position and the geonetry of the ventilation channel
opening in the face plate may be automatically calculated facilitating

aut omat i Cshelpbpdiss the @ide Plhte b @albdiR, 2k e SheWnlabd ASMAEALL hddub@vihannel
opening. 5 As for the _acoustic. output opening, displayling the nodel of the
heari ng alhﬂ"‘?ﬂlﬁlﬁg‘?“r?b"“?ﬂ%‘?“{“étf urther, thepasitiondnd B ?"E’ﬁ%‘?fﬂh’ﬁ&@?ﬂ“ﬂ‘hy facilitate
sel ect i onclgﬁnepoﬁpﬂﬁg:ihﬁﬁmcefﬂaﬁ hﬁysélma{ohlg _daic?lhﬂe@l!ﬁciﬁtbt?@ﬁﬁbmatﬁg_eni ng so tlhat
it points in the direction of a longifudinal, axis of the auditory cana

t hus, n1Pﬁ“ﬁic'iqﬂr?ﬁtdhff?éﬂl?l?tfé??lﬂb'%ﬂef’ef‘i‘glawjg‘ﬁﬁ‘a}nflﬂf’?%‘r?g'channel out put openi ng bei ng
partially or entirely occluded by an auditory canal wall. 10 Either or
bot h of t hefoatosststic owpt prehing piBplayi thnodelinE the Beting €@d haringirsrindk openi ng

B e B e S e b e
maybe f or opeding sp thahis peintothiltealiredion bl a longidindisisgf thaweitely yanplibus,he shel | and
formng a I . QI ol g 1 [ Auligcess nmaybe

for med inmf%ﬁ%%slﬁ%?%&@gglg?eﬁl%%h%%h%%%tg ?tgﬁeﬁ]ﬁ’%ﬁnegg%gfe% ?lge alr;llg mat chi ng a

col | ar of octBdediby apanditegpsengvdiid or, matching a collar of a bushing to be
inserted in the opening for receiving and holding the ear wax guard.

Pref engbl Wimen&hbh bith&AcBRES oyt spaﬁﬁ%@haﬁ%ﬁaﬁsmaﬁna%éﬁngt@ gyoid - formation
of a weak area of the shell.” The shell may be groduced WIgh a means for
vi br at i on2dpisbP By Bt ibWeRsnard Jhe prepipgsad the gpwax gy Be oft he shel | may

conpri se @t haR ddabdemsvd 00/,0358C. & pihebib RAfhd Yoindh ROnd Redubda@Rdn straps that in
20 turn hold or, clutch the receiver providjng, vibration absorbing

suspensi offtgfing {Eardlg ape,Dpll and forming  Rushing (o M the eas ek g Aconpri ses a

chamber Ofecdsd @iyt $dr@Ebin T8 khell @6 R 1N dA@red Brdurid Ale@pddihg abid@atbiRGRIculRk of and at

| east one_resilient band fixed ar ogn&gt h$ recegl.ver and havi nic% Erotrusi ons
for duppBP ea NG S Ok Geishing R Y2100 8 byl iopansqrigd indhe op e outer

di mensi onsndtblding thc b sk figrdaPdfcable) wall Middkadss Wadinténed &ltieQécessdd avoidncr eased so
that the _ 25 COrT es ondi earing aid shell exerts a pressure on the

audi tory @ngm?iagv ar gﬁef @ shell is inserted in the auditory canal.
The outer dinensions nmay be uniformy increased over the entire surface of
t he shel | Theghelttmg bepradicedwitheasensfayibeation deabidz gspedvial df the sdceimg. Har

I ongi tudi &@anl@,)fﬂe%he?lfmay comprise strap holders for receiving and holding resilient straps that in
20 . turnhold or clutch the receiver providing vibration absorbing suspension of the receiver. In
' another embodiment, the shell comprises a chamber or protrusions for receiving and holding
the receiver, and at least one resilient band fizxed around the receiver and having protrusions for

supporting and suspending the receiver in the chamber.

The outer dimensions of the hearing aid sheli model may be selectively increased so that the

25  corresponding hearing aid shell exerts a pressure on the auditory canal tissue when the shell is
inserted in the auditory canal. The outer dimensions may be uniformly increased over the entire
surface of the shell, or the size increase may be reduced gradually along a longitudinal axis of
the shell so that very litfle or no pressure is exerted on tissue residing deeply in the auditory
canal. Alternatively or additionally, the outer dimensions may be increased at selected areas of

30  the shell surface, e.g. forming a rib partly or fully encircling the hearing aid shell, the rib
providing a tight seal against the auditory canal wall when the shell is inserted in the auditory

canal.




the shell so that very little or no pressure is exertgqugﬁddsssue resi ding
deeply in the auditory canal. Alternatively or additronalTy, the outer

di mrensi ons may be increased at selected areas of 30 the shell surface, e.g.
formn rib partly or fully encircling the hearin i helf, the rib

pr ovi d?Wé“%("’[si’gght seal against the auditory canal \/\&&@ﬂ@?ﬁg?%e shell is
inserted in the auditory canal. 8 J&ne 2005 WO 02/078392 PCT/ EP02/ 03307
9 Further, a tightening contour may be sel ected that extends al ong the

surface of the shell and partly or fully encircles the shell. A groove
-ext endi ng rathed g tighieaiog onfidmhay iy cdaeditacdted@diong e hefacavdde khehand ng a

cross-section wi.th. a sh d di nensi.ons t hat tch a desjred tightening
fing to BEIebeaeRe BRael Amtnyaaanar fonedf caruris by dbd S 1 s
adapt ed f apddbdvoratcioss-waipo $ith & diapeahd &mensivas Batinatch d désfrertghtnidgrog t he
material of th I l.ted naterial Stitut. . tlghtening
pr ot r usi oﬁ’.befﬁgﬁ%}gﬁ[‘agﬁ?ﬁg{l %r%gf[% ?J&tseﬁ%%ﬁgg’r&tt ﬁe""dﬁpfegﬁ reantfnr]]agc??%ﬂsgnoﬁro %vi des an
appr opii akenategah diffeeuifros the mydterighf fig sledl, thddepsiiel] tatdriel dohstitobingdhi t ory canal when

the shell . ' :gﬁﬁ ﬁﬂ ' £ J ' .0 shell does
not provi Héﬁ%‘mg%’ s"é’a?”e en | gdgﬁl%%r?%%%%mdga{ﬂ%?ﬁglﬁéq’(ﬁ:g@g’ﬁﬂt{ihe anplified
acoust i c sidgeaite tightynihgefithetstellthde sditorpemaivhgsthe tholl smoiwddiythe eachi ng 10 t he
m cr ophong, AR4 g i nEdRg aill Gl ﬁcgegﬁcgg}ﬁyﬁ@{' o bdal el fidrted AlileONS, to be

countered only by decreagl ng th ring aid gain, and thus, the full
capabi | i t pusiorg panel e prplifehepoustivisignalinayduak fadthe urrptnitingsepotemiiplly rraghingt he shape of
the aygi t%)ﬁi&n &Me aﬁ&’ﬁbiﬁ@ilriéie%_ f@é&@d&ﬁﬁé&ﬁﬁh&{oﬁcﬁ?ﬁ%%%@coﬂ&&éd @ffoyvity, such as

chewi ng, yawning, etc. Arigid hearing ell may not bé capabl e of

adj ust i ngYtEasngibrhsa@siad saincded Gps the fll rpabilias of tefkearitg HAsoRIEM s of the j aw
and thus, u@izsd) edrthed, h@&mb&&ﬂ@@ﬁ@ﬁ%&m&%ﬁ&h{r e'biiirﬁs%&iséﬁu@é’cﬁﬂfy?duce
unsatisfactory results 1n norpal use. A flexible. tightening ring solves
this probFihs RHvias TEPRGTI AR ruing pid shefl @ag pot Becapfbls adiustiti P or y canal has
been det eelheth abde datad it due toli@virheg bPhé jﬁ@ﬁﬁﬂﬂlﬁso&l#hell &atﬁﬁpénff&:ﬂ}abl y \Mi'el ﬁct ﬁd
at positiqns .corresponding to.positions in._the, audifory. canal at ich the
S bove e EHGHBOA FHA R0 Bt SR PR SR e oA SR b @0 aual tor y
canal exhidives thispadblenmvar i at i ons whereby a secure and tight nounting of the
shell in the auditory canal is provided independent of user activity.

Thr ee- di mengi OnA IPYEL S, QL h%%%?%éau%{%j %%%’E%Meéﬁew%méﬁ%” %cha]tl earing aid
conponents, such ~as mcropsh es, slgnhal processors, ou?’lﬁ)au ransducers,
etc, may bBetighitesingdontovr & pekéerahlyaslectedahbsitiona yorizeposdihgtopesitionnin thencor por at i on

etc, may. e pttangdort  rdbaseslarmiinmyoissosdiet cor porat o
the sel cct ot St Buothl b B i g Wiaberg ONNESRIRATER  (he” ~ °

20  auditory canal exhibit small variations whereby a secure and tight mounting of the shell in the

auditory canal is provided independent of user activity.

Three-dimensional models of shapes and geometries of varicus hearing aid components, such
as microphones, signal processors, output transducers, etc, may be stored in a database, and
may be selected for incorporation into the hearing aid, Utilizing well-known CAD/CAM

25  methods, models of the selected components may be positioned and displayed within the
hearing aid housing model and may be moved around for selection of respective optinmm
positions and orientations, e.g. for provision of a hearing aid of a minirrmm size. Collision
checks may be performed, and positions of the features of the hearing aid shell, e.g. the vent
chaunel, may also be moved around to further optimize positioning of the hearing aid

30  components,

Althongh there may be sufficient room for a specific component at a certain position within the
shell, it may not be possible to move the component info that position, e.g. becanse the internal

volume of the shell forms a bottle neck at the input opening. Thus, during design of the hearing




hearing ai d housing nodel and may be noved ar ound for SehEsgson of
respective optinum positions and orientations, ? provi sion of a
hearing aid of a mninmmsize. Collision checks nay be perforned, and

posi ti e features of the hearing aid shell, yent channel ,
may al %88%67%9\?ed around to further opt| m ze positi oﬁqTﬂ%Pﬂ%&g? he hearing aid
30 conponents. Al though there may bé®sufficient roomfor a specific

conponent at a certain position within the shell, it nay not be possible
to nove the conponent into that position, e.g. because the internal volune
of the shaﬂIcoﬂisiom@e@dmgh]sdbmmmchiunﬁm\iemmbf ipognt infquesion dur i ng desi gn

Check may tapERpl ST e ettt Honrme e S Rmme | 1 quest on |

t hrough tpmitiomput opening into the shell along a desired path towards the
desired nmounting position. The shape of the shell nay be adjusted

sel ecti vey e gl;ﬂ@gheﬁ Qayﬂa%ﬁ@ea%a&nw RLRENG nc¥ b mgﬁlteﬁfaapv‘ﬁl@ia%f shell for
provi si on of I cl ent ace a speci fic conponent erably, the

out er Zr othsshell f pogigionef Sﬁ%@% Pi@FﬁlfOI' agpesifig aerdeogenk tPrefardlystbe eisremwpondi ng to ear
canal |00&%&%@?&5Bﬁﬁﬁ%ﬁﬁmﬁ@%ﬁ&h&ﬁh% 0 Qtﬁﬁﬂéﬂﬁh%ﬁ%&ﬂm@&?ﬁﬁ&W%? The

sel ection of the t he junctlon cont our e pertorned while the
shel | nDdEPﬁF§“WE‘§ﬁFﬂVEd as inserted in the audltory canal. In this way,
the position of the face plate covering 10 the shell outward opening may
be sel ect'ﬁststleduo@mmmmosmsmbﬁcmmasﬁmommmMeJlsa%bdms aid is

inserted i,n. th audl nal . houl d be not hat a nodel of a part
of the outitlaygdgs ins %“15‘ é‘é@“swﬁy’tﬂﬁ"é’“ ?thﬁ R P8P canal

facil it at maglenmatvuabpeﬂing ﬁﬁyﬁehacmsmpﬁ@mﬁmﬁﬁﬁﬂﬁ@ceﬁhilﬂﬁ hbgiagi ng ai d.

Typically i of tor nal 0 ains an inpression
of a parté%’f’“]fsﬁgg Gau aﬁgt%?gd %‘5@‘ 3 °d'?‘ﬁg P CHHET nay be

snoot hed :thoulébetmlmhﬂmﬂmhmﬂploéd@ﬁsywnﬂfmmmg&ammmﬁheo@hﬁeﬁcn a snooth
surface. Th nt it | ]. A npot hed .or ecifi.c.areas of the shell
may be sHFEC (caedp,fthgh éﬁ%%?‘@%ﬁgﬁm" CEPOLE s Ay ﬁaﬂa}alsoco ta"fn? % or snoot hi ng
by wel | kinpvesidAbh GANME the miateli ng t echni ques. For exanpl e, presence of
~cenmen or fall off tissue in the auditory canal vvhen the inmpression 20 of

the alffd't@ﬂé@ﬁ@@@#mesﬁeﬂmgmxeﬁﬁogﬁaﬁom;—%ﬂs'%g[gre@%e; b aMﬁ;he shel |

nodel. An artifact nmay be rénoved fromt ou5| ng nodel by
del et i ng eWnin sypopdcurtaey Fag catie siell mrpbesmopthedar speﬂﬁ@mqs athepbelpaydad

cal cul at i R@.Bd, BgVshbh EdpReSHRsd itnichRg, HPeolthEbedatkbbacsnRased on the

smoothing techniques.

For example, presence of cerumen or fall off tissue in the auditory canal when the impression

20 of the auditory canal is made may create undesired artifacts in the shell model. An artifact may
be removed from the hearing aid housing model by deleting the surface covered by the artifact
from the mode] and calculating a new surface substitnting the deleted surface based on the
mode] surface surrounding the astifact.

Further, a serial number or another identification of the produced hearing aid housing may be
25  incorporated into the housing mode], e.g. in a selected position, so that the housing may be

produced with an inherent identification.
The finished hearing aid housing model may be stored in a database for later retrieval,

The database may be utilized for further antomation of the design process. For example, the
acquired data representing the shape of an auditory canal may be compared to the shape of
30  housing models stored in the data base, and the best match may be retrieved and the positions

of features of the hearing aid housing and selections, positions, and orientations of hearing aid




model surface surrounding the artifact. Further, a seg Iéﬁ ﬂg@ber or anot her
identification of the produced hearing aid hou5|ng may i ncor por at ed
into the housing nodel, e.g. in a selected position, so that the housing
may be oduced with an inherent identification. The_finished hearing aid
housi ngVRSHEB3May be stored in a database for later BCHEREPY The dat abase
maybe utlllzed for further automati am of the design process. For exanpl e,
the acquired data representing the shape of an auditory canal nay be
conpared to the shape of 30 housing nodels stored in the data base, and
e Dest_BBbLER.AR RxAll) 66t ARt DR PRTALLALR el BRLMY €5 of Lhe
heari ng ar ou5|n I ons ositions nd orirentations of hearing
aid 8 Junepe@8085ay me@@ﬁtﬁmg’@r@WEPMEG@B@%@MDMWQMGMWW
aut omat i cal | i ned. An

Bl ¥y Segﬁhg o SoiiPRE tellfhe ot OBl Mbad & 1B Feallfkid

operator may s ust or change etrieved positions,
orientati M@ﬂﬁnﬁlﬂg@ﬂ@tﬂl@&ﬂﬁmﬁﬁW%@%@ﬂﬁs@#eﬁﬁyﬂﬂmﬂ sol el y for
sel ect £d LOLE&ET BRN Yok Biph Mecthiin REANES SRt for BRMRHAFheafile MDAl S MRY
be stored I n the database in a reduced formrequiring a reduced 5 amount of
data, sinéiéhqusagsaenpt pquispd faecomagiisens f shencavith the@arppse gTacyswd Pesionspr oduct i on of
hearing  gietafid SkiRons AeurR08r chifbédisGlatf to HOMNA et R Fid busbape Wi th the
purpose of reusing positions, orientations, selections, features, or
conponent§m¢%lat|ng to the stored hearing ald housi ng nndels A patient
dat abase may be fornmed conprising records with a patient identifier, e.qg.
name and A}:&lemﬂaia&rscmiyaieddmgidoﬁm@a@bﬂagwm ﬂpaﬂﬁlﬂﬁbﬁi@eﬁmglﬁhmﬁndt he pati ent

in questio re furth ol els of the

origi n& 7 Ffeg‘gﬁ*%‘ﬁ s i 08 BPe SE‘H ag qﬁﬁﬁ ﬁ“éﬁf’%sm@hd i dentifiers
and rmdelﬁﬁﬁéxhﬁlﬂ&sﬂtﬁﬁbnﬂ@ﬂs&f&eoﬂgﬁmﬁm@m@m&daudﬁtoWhma]p:ﬁtbbﬁati*ehIS hearing aid,
etc. e ) fic u . uced w t hout
havi ng toﬂn\géqcﬁt’ll e ag%rém(ghopthe& lpgta%mmﬁot?m% edrgélﬁg? ents e(t: by maki ng a
nﬁw i mpr eAsewheadfg dider aeapdmﬂcmse] mepthed be pmdméwttmtlmmpto@cqumu&b §ham:qu: Ireg
shapes may; be gﬂgg s wel | - known
in the ar ftgeoau%{ra%' G}éatlag éoéjﬁf %s%&éﬂ%r&% %@gﬁ&%ﬁg}e?ﬁ%}m conput er nodel
of theihomghmgW@ﬂmkﬁwhwgﬂgﬂbeaﬁ%e@nm@éﬁdnﬁmmﬂumv%whgetechnlques such as
stereol i thography, laser sintering, fused deposition nodeling, drop

deposi ti Of jRkeKhbvfin t:6 bt to phodfice R RBIRE Sased b 2Shed @R kdsioR SnfRYmodeN€ CONpPUL er
nodel is converted into a nunmber of cross- 20 sections that nay be

equi di st afftthe hopsingatilizine sp-ralied waid protohipins frehmiquesp ek peteerolifenetap, lashen, t he
housi ng |§mg§@q&@g&#&Qﬁmaﬁmgmgdﬂ@qumﬁ&ﬂmmm%nﬁgdual cross- secti onal pl anes

successi vely and

For example, in stereolithography, the computer model is converted into a number of cross-

20  sections that may be equidistant, plane-parallel and horizontal, but need not be. Then, the
housing is manufactured by producing the individnal cross-sectional planes successively and on
top of each other, underneath each other or next to each other and joining them together. A
container with activated liquid synthetic resin may be located on a computer controlied
movable platform. By targeted use of radiation directed at the surface of the liquid synthetic

25  resin and causing at least part-polymerization of the synthetic resin, it is possible to generate a
first cross-section of the hearing aid housing. After completion of each cross-section, the
platform is lowered by the Iayer thickness so that the next cross-sectional plane on the surface
of the liquid synthetic resin can be produced in the same way. This contimes until the

polymerized housing can be removed from the container.

30  Laser sintering is anofher layered fabrication process producing a three-dimensional object
from powdered materials in a layered fashion ufilizing heat generated by a CO, laser. As in
stereolithography, the computer mode] is converted into a number of cross-sections

successively produced by applying the laser beam to a thin layer of powder. The laser beam




top of each other, underneath each other or next to egggneojd@,gr and j oi ni ng
themtogether. A container wwth activated liquid synthetic resin mybe

| ocated on a conputer controlled novable platform By targeted use of
radiation directed at the surface d£ the liquid synthetic 25 resin and
causing at |east part-polynerization of the synthetic resin, it is possible
to generate a first cross-section of the hearing aid housing. After

- conpl et i s @le pBRRPpRicRS B 16120 thid TryerloPlid RhsBfhe l8er kifitedipWWeScad alltwst he | ayer

t hi ckness so that the next cross-sectional plane on the surface of the

l'i quid sg’ﬁﬂiﬁéi&loéaF%?Wﬁfﬁ‘ﬁweﬁé%ﬁe’é%ced in the same way. This continues
until the polynerized housing can be renoved fromthe container. 30 Laser
sihnt er ij_ng ﬁinrs;gqubhe,rbi;, {@y@lﬁ}&dhéoabf-%@mgﬂmw@m | ﬂﬂﬂ@iﬂﬁl@x}t@gaﬁsc&i -

t hr ee- di pensj onal. ohj ec rom powder materjals in ayer ed fashion

LT T 21 i SR B SOrORGFPRSpRTA e o cXaRpIe by coneeludly PORRF aphy. ¢ he
corrgut e(rj slmébﬁiecﬁo&-seﬁiﬂﬂsﬁfshl@meﬂﬁp gepasit[wﬂ@prﬁntiﬁé mﬁ{ﬂﬁﬁm&@w%pm\?\g suc;:]eslsi vely
pr oduce a in aser beamto a thin |layer o er. The | aser
Deom o seAneobhat vl hoilautt e sater fodinttepeetor bmabdtiehon | ayer of

sol i d masstop difaschlofsind Pinieaiehng foat 96RBS al |l ows for the use of a variety of
powdered materials. A further possibility is to produce the cross-sections

G opaepbert U ARG Y el B iy omreludfy b BRgRGauci ng

successi wasiny tbs $-niehéd t0 B Spetific Agitdrinand aolthd &pindds virtons fagurps; &.3tanng and, after

at |l east. partial ol ynerization which shoul.d already take, place at the
print i ng"BeraBroa sy Rk brdda whSrhaite A bieS i Pal@i®l her and j of ning
t hem t 0 éngiiginganesdiginlear vk gidd leoidet, BP,@EA Bepkodadhi andmgieally with A mihadli ment of t he
present | ve‘%‘i on.that a hearing aid housing that is matched to a specific
audi t or y*'C¥R%! °PSRE T hat i ncl udes various features, e. g. an integrated
face plate, a ventilation channel, a tightening protrusion, a battery

openi ng Bvefefably gingshe]l in grodead fom a flexdlde, swakregjstan chateodldBre maetia shadth be produced
automatically with a mnimum of manual operations. Preferably, the shell

i s produce ronra TTexibl e, sweat resistant material. The material shoul d
not cause allergic reactions. The shells are preferably polished in a

pol i shi nthecidlls arel ereferablypolishtdiniagblishiay cPedegol orl ess or may be of a col or that
is close to a desired color. Then, the shell may be colored in a coloring
subst an ' g I.PRI i col oring
subst angrgtfeq%rtf% 8@?%% t% gimg% ﬁlnéayﬁ)ﬁ \%an@{% ﬂla\?\ng I':{(!gant EQV%BSZ‘Q‘&‘J&?":';‘@%’H?? n greater

det ai | wihelhmpdfesploisd in & q9lopipgsubstance of a desired color, e.g. by dipping the shell in the

coloring substance.

‘Embodiments of the invention will now be explained in greater detail with reference to the

drawings in which:
Fig. 1 shows a CAD/CAM system according to the present invention,

Fig. 2 shows a cross-sectional view of an in-the-ear hearing aid,

Fig. 3 illustrates schematically the process steps of an embodiment of the present invention

for manufacturing a hearing aid,

Fig. 4 illustrates schematically the process steps of an embodiment of the present invention

for acquiring the shape of the auditory canal,
Fig.5 shows a computer representation of the acquired shape of an ear impression,

- Fig. 6 shows a three-dimensional computer model of a shell with already calculated wall

thickness for definition of the interior cavity at the inner surface,




drawings in which: Fig. 1 shows a CAD/ CAM system accog(}{ngﬁéog t he present
invention, Fig. 2 shows a cross-sectional view of an in-the-ear hearing
aid, Fig. 3 illustrates schematically the process steps of an enbodi nent of
the present invention for manufacturing a hearing aid, Fig. 4 illustrates
schemat PO P he process steps of an enbodi ment of W\W@F’g?%t i nventi on
for acquiring the shape of the audit¥ry canal, Fig.5 shows a conputer
representation of the acquired shape of an ear inpression, Fig. 6 shows a

t hr ee- di nensi onal conputer nodel of a shell with already cal cul ated wal |

- thickness fg07 dbwil drés®Bectin of iSard o h Bdatifl aiCiMtihdwilblthd dGishdAQEt Sur face, 8
June 2005 WD 02/Q78392 PCT/EP02/03307 13 Fig. 7 shows a cross-section of
a part of a hea®™%aid housing with the acoustic output opening, Fig. 8
shows a part of Fig. 7 in enlargenent, Fig. 9 is a perspective view of an
ear wax gUFgs8l, showd gpartbOFip.g imenbidearntper spective view of the ear wax guard,
Fig. 11 shows a cross-section of a part of a hearing aid housing wth the
acoustic t put. 09, j ositioning of an ear wax guard, Fig.
12 is a nm ic%??%%@%nfw\tu eﬁérgrt@)%gf&n‘g{ﬁd?i n Fig. 11, Figs. 13-17 illustrate a
“nethod for use in production of the hearing aid according to the 10

i nvent Pon FigFlYy . is amibespepspiseyesisacof g earaggpagt an enbodi ment of a hearing aid
housi ng according to the invention, Fig. 19 is a perspective view of a
face plat @f Or sUses d dost-RLLiABLY paRGs Rhedrif)f aid HoBsinglith\Whel dBousti outptser t ed _

el ectronic nodul e and a battery lid connected wth the face plate, 15 Fig.
20 is a perspecPPRies derigrd (o pesHignipspian o Weetiatdsel f,  Fig. 21 shows details
in the design of the face plate, Fig. 22 shows further details in the

desi gn of Fgh2 fias swodifiatien of e gmboddnegi iR, BN el ectroni c nodul e for use in the
hearing aid of Fig. 18, Fig. 24 shows the socket part of the electronic

modul e, 2 g‘igéz. ilg’ﬁ? 1]]% s%a%?a n‘?etﬁgg\fo} Qsec mdp?(nscgu&l%n gtf thghegr?i}gtal%ra}{colrcﬁn% to the
10 invention,

Fig. 18 is a perspective view of an embodiment of & hearing aid housing according to the

invention,

Fig. 19 is a perspective view of a face plate for use in the hearing aid of Fig. 18 with an

inserted electronic module and a battery lid connected with the face plate,
15 TFig. 20 is a perspective view of the face plate itself,
Fig. 21 shows details in the design of the face plate,
Fig. 22 shows further details in the design of the face plite,
Fig. 23 shows an electronic module for use in the hearing aid of Fig. 18,
Fig. 24 shows the socket part of the electronic module,

20  Figs. 25-27 show the design of a battery lid,

Fig. 28 is an example of a hearing aid battery for use in the hearing aid of Fig. 18,
Fig. 29a shows receiver holders in the shell with the receiver installed,
Fig. 29b shows receiver holders in the shell without the receiver,

Fig. 30a shows the receiver chaniber in the shel,




Fig. 28 is an exanple of a hearing aid battery for us JHE}d@g hearing aid
of Fig. 18, Fig. 29a shows receiver holders in the she wWth the receiver
installed, Fig. 29b shows receiver holders in the shell without the
receiv ' 30a shows the receiver chanber int June 2005
WO 02/ 8‘3’8&3@3%’&/ EP02/ 03307 14 Fig. 30b shows the glﬁcslz%ﬁ%bgg%ﬁof t he
receiver in the receiver chanber, Fi’d. 31 shows exanpl es of cross-sections
of the ventilation channel in the shell, Fig. 32 shows a shell with and
wi thout a tightening ring, Fig. 33 shows a cross-section of a shell
produced &igcivh dhevg hecuspepion biths reckiverib od ravEndr clabobéhe 5 invention, Fig. 34
shows a cross-section of a shell produced according to another preferred
enbodi meng;, Qf 408 LINERLE Qs s cross-seqtion of a shell
pr oduced atcor dglﬁng ﬁt%%stif(fP gﬁgt %?t?&per%@%%%u%ﬁﬁghﬁifﬁ%m of the invention,
and 10 Fig. 36 shows various enbodi nents of a face plate. Fig. 1
i |lustrat &8 3 chpyseailsybaphyigoutadigkemiigngst o t he present invention,
conprising a processor 64 and a conputer display 62. The CAD CAM system 60
i s adapt eglipf3r sA&sla@Rsaielion BB WIRRSMER aQbraths REASLIaRIsbaREIFRE CONPri sing
a face_plate and a, shell that is matched to the auditory canal of a user.
Dat a represent iW§" e shape of the auditory canal are received and 15
stored by the system Upon receipt of the data, the processor 64 forns a
t hr ee- di nBipsi4onhdws anmekedectivh of deligisiinted batoma &) andthél pRfepad dnbolimbhe
correspondi ng %%I%lgr Joar based on the data. The nodel is manipulated to
forma three-di fensionarmodel of the desired heari ng aid housing having a
shel | that matches the auditory canal. The hearing aid housing nodel is
further Ferdspsheusadrosseseasion pivghdliprededel adcnmding torsttl udber ppéferfeAD/ CAM syst ens t o
desi gn and pro@iﬁﬁ@i;ﬂe & dlesibd garing aid housing. In the design process,
t he nodel may be |S€Faye§ on the conputer display 62 in various
.three-di nensi onal views and two-di nensional cross-sections, and various
oper aflor B&rbr chave gerfouneiodiments of o faselplatst ment of the nodel are provi ded.
Buring the design process, the nodel of the auditory canal renains
unchangedrighi iingtritke GRIMEAM sptent ddQcd R Ee ﬁfbs‘ént%ﬂon,lcﬁmsﬁﬁﬂgﬁﬁ to
nodi fications a@d (ﬂddltltgtﬁ of v%*glous features.. The 25 nodels may be
di spl ayedP P Gty R sElay 6 bheCAGAM sistona 6fiis pdaped forflesign &) ayed
inserted inmufatthe opalibafinglajd hoditglcomprding & BkSplanthd QLkE thaPis nRGIFA %o thé he nodel  of
the audit gllt’ii¥ory9 f?égaq Iof an%gr. Baeta representing the shape of the anditory canal are received and
15 stored by the system. Upon receipt of the data, the processor 64 forms a three-dimensional

mode! of the anditory canal and a part of the corresponding outer ear based on the data. The

model is manipulated to form a three-dimensional model of the desired hearing aid housing

having a shell that matches the auditory canal. The hearing aid housing model is further

- manipulated according to well-known methods of CAD/CAM systems to design and produce a

20  desired hearing aid housing. In the design process, the model may be displayed on the
computer display 62 in various three-dimensional views and two-dimensional cross-sections,

and various operator controlled functions for adjustment of the model are provided.

During the design process, the model of the auditory canal remains uachanged while the model
of the hearing aid shell is subject to modifications and additions of various features. The

25  models may be displayed in distinguishable colors, and the shell may be displayed inserted in
the auditory canal. For this and other purposes, the model of the auditory canal may bc.
displayed transparently.

Upon completion of the hearing aid housing rmodel, the corresponding hearing aid housing is

produced, e.g. with an integrated face plate, based on the model and utilizing a rapid




di spl ayed transparently. Upon conpletion of the heari §'9uf?e'ﬂ) Eoum ng nodel ,
the correspondi ng hearing aid housing is produced, e Q. an |ntegrated
face plate, based on the nodel and utilizing a rapid 8 June 2005 WO

02/ 078392 PCT/ EP02/ 03307 15 prototyping apparatus 66. In the shown

enbodi nERO2OBHE r api d pr ot ot ypi ng apparatus 66 is a PCISRIEPH,) |y avail abl e
stereolithography apparatus 66. Fig. "2 schematically shows an in-the-ear
hearing aid 10 with a shell | that is covered by a face plate 2 with a
battery opening 78 and a m crophone opening 76. The hearing aid contains a
5 m cr ophpmntetyping appaatue64. inghd showngsibiodiinent, the rapid pratotyping afarates Gédcei ver 6, an
acoustic dh?rﬁ}!ﬂ& @tion channel S. The general

pri nci pl ego a&@?ﬁ%gﬂ%é%%o%ﬂé}?%gﬂl? H|5 nvention is shown in Fig. 3. A
schematically shown_ear 11 possesses an audlt%ﬂh canal 12, the shape of

which it Fi Hwhsmaiielly gowsajnfliesardeaiog aif 1@ wisha shgl 1 atds rarefibyadtcs. 10 In Fi g.
3, the shape 26fithhBRteAUHbdid 78 s \bropiondiRbBEidIc B natlrindaid Btattis gi tal |y stored

in‘a menory 13. The di g|tallg_%j %a are converted into a three-dinensional
conput &r FERPhons A, anslecteiic of B 2 by S ATPEUYST 2B aqatig o BRYa . Model s of
conponent gndfaGlentiMtioh @Rtdder &S of in-the-ear hearing aids are stor ed in a data
base 15. Thus the dat a base 15 contai ns di nensions and perfornmance data
of avail atiq1 one qﬁ ‘{ﬁf rets such. as ]\I/arl ous SI zes and shapes of
recei vers, o a8§e P ge?%é”c‘,’?qﬁé}’ﬁ?s WPWRTEE%e8, etc. The data
stored i nscmhmucm}yahammrly pdsdesamahadato@rda@em ﬂﬁslmpeoﬁmltda:ﬂmiened at Cto
i hcor por a t.h r nctions or features in the three-dinensional
conput er %T%Icll'r angrepr%&gts‘?&id#mléa%he- ear hearing aid, in an optinumway. As a
result, a conplete nodel of a hearing aid housing is obtained in the
menor yo 161wﬂlﬂ S Hhawhgpeobthpauditasaeanalds deterrdlerdat b awleliditaly straimgmendty conpl et e 20
model s of L1GR &l Al cod R inb RrcBQlRhAhalobmbie ARG UER bl COMPUL er

pro de

controll e ction process D on the basis o he no t he housing

stored i nandisevetiimrirsiety megory fhdMadels PchPEP@snti)ﬂ’f o foatuges plinifhsteprdgaring gidglet er mi ni ng

the shapemeﬁmﬁ@m@ta%mm m%em&%%%&h%ﬁ&ﬂ%&%& fhita 4. An ear
inpression 18 is made of the ear 11 with its auditory canal 12 at Al, the

di mensi ongfaaqlla@aﬁf’w%sq fgrgsgsucsas ypgs iz andshapeeof §8¥PS: he resul ting data

25 ar qs5st glicAghhdnds, biQifeae®ioNs, Badered RN, the data are converted into a
t hree-di nensional conputer nodel at B and the nodel is stored in the data

oDy L 0 ol QR0 e T LB LR PHTEL bggyr ©f the
the necessary functions or features in the three-dimensional computer model, e.g. of an in-the-

ear hearing aid, in an optimum way. As a result, a complete model of a hearing aid housing is
obtained in the memory 16 which may form a part of a data base for storage of complete
20  models of hearing aids. Then, the housing 17 is produced in a computer controlled production

_process D on the basis of the model of the housing stored in the memory 16.

The principles of a static method for determining the shape of an anditory canal is
schematically shown in Fig. 4. An ear impression 18 is made of the ear 11 with its auditory
- canal 12 at Al, the dimensions of ear impression 18 is digitized at A2, and the resulting data
25  arestored in the memory 13. Then, the data are converted into a three-dimensional computer
model at B and the model is stored in the data memory 14.

Methods for scanning and digitizing the outer contour of the impression will be readily

available to those skilled in the art. A variety of scanners and programs may be used. A scanner

type Minoita VIVID 900 available from Minolta Co., Ltd. in Osaka, Japan, in combination with
30  a3D photography solution available from Raindrop Geomagic, Inc., North Carolina, USA, has

been found effective,




available to those skilled in the art. A variety of sgmeio%sand progr anms
may be used. A scanner type Mnolta VIVID 900 avail a re"$¥om M nolta Co. ,
Ltd. in Gsaka, Japan, in conbination with 30 a 3D phot ography sol ution
avai l abl e from Rai ndrop Geornagic, Inc., North Carolina, USA has been
found oPPIIRE 8 June 2005 WO 02/ 078392 PCT/ EP02/ YHEI7 Fig. 5 shows
a conputer representation of the acq]t?l red shape of an ear inpression. Wen
data representing the shape of the auditory canal are available in the
menory 13, it is possible to convert the data using algorithns well-known
in the fi &2 BevCOLONNM trskrtboefithetzoquprdsiisreef areat inpesiodi Wienditonal conput er
nodel of {BRs ARG Behe3PBE udfdry (08 REH NI Iy N, pe. 5 produced.
R LA s e e S

Fig. 6 shows a ree-di mensi ona nputer no erein wall
t hi ckness conpaisthedaiadising alperisimssee]i&pevadn tho field of CAR/CANtechficlighe fireier | or cavity

defined by uidRinehiibdn colpReSARMEE b Rty HAf A clo LB PuG RIEN GFe TO0C! MY be
I gtro or TulfTy co

perforned interactivel y under user con ( ter controlled.
Sui t abfe EERFCtSARIE BeVEhEretlimensipaal cempputer grodel of o shall véienetn wall Féskeess ki | | ed i n

the art. fusVidaiPletn flecld RYAAIBNG YheldBerlds Sllity rldDy fAMAT 0gr am 10
Pro/ ENG NEER avail able from PTC i n Needham®™ Massathusetts, USA, has been

found effective, F.g. .7 shows a part of the shell | facing the inner ear.
The recei er°°%vef’;§’nf’# ‘?"ffs‘f‘tf’éf‘gﬂ’“w ?"FF"”&PFY bg periprped gprectivgly YHEUSE o muni cat es
}Nith g hg contvel of fully m:ibpmdt %o@qaelm4 '.Iﬂﬁtafﬁleblhmm pﬁ@rla@wm?ei.r&di@tﬁdu@&%mcanal 21
ormed by a . r e 0 tics. |n Qrder to avoi
cont ani na@%%@%ﬁ%%?ﬁﬁf@?ﬁ%@%g’% e%ﬁﬁ&%’&%ﬂ%“ﬁ’eramn or ear wax
ent erilng PlENGEGIER dveilbletipouiPTCMeNeligm/ Mad ichetts, U haghéad fund2 | S pl aced
t herein. . RA0wWn in Figs. 7-10, the ear wax guard 22 conprises a short,
essentiall'y circular cylindrical tubular nmenber 23 with a length and an
outer dianeter adapted for insertion into the acoustic outlet canal 21
with fri cHiedrbawsfaipart ofibe shefl bisciegthe inper gar.cihe rodiver 6 yillustathdivithen bore 24 in the
t ubul ar nﬁgﬁg i i.all . I ﬂ}/}@{é]r t.al i barrier 25
at the end tﬁlfa?tﬂ%ia stﬂa ?%oggu%jég&ivxn?gie? ﬁ)ggg?ﬁc{)ta‘g{a F%&é&t e %n:ana SE'CZD%.EG"‘*'The barrier
25 may coffadl 2t fermaed by ¢ dess aubir Shmpdsopplastisrdloroxddf talavdidwontaniivaties ofthown in Fi g.
10.  Ayst hgeaRRPsE LddsiBP d with cedd@n bRty AlenBBIIRRS acdd e Wosh (guard 22 has
a collar 27 which in ?he N nse?%ed p%s?]iuti on sagﬁlé?cn&gl&smg%?ﬁgs’t egluend wal |
part 30 sWPeBHAd Rgletddresibust i ¢ out put opening 25 7. In the shown
enbodi nent, the collar 27 has a convex upper side and a concave or slightly
coni cal | adowisin @igs. 7t locthper wpheadh? efgasoh stoheeseablipbichiar Fitgea el atively
thin andtﬁé)t sel'&y%ﬂllip . L .
ar member a length and an outer diameter adapted for insertion into the acoustic

outlet canal 21 with frictional fit.

20 An essentially circular cylindrica} bore 24 in the tubular member 23 is partially closed by an ear
wax retaining barrier 25 at the end that is inserted into the acoustic outlet canal 21. The barrier
25 may constitute a screen with loops and radial threads as shown in Fig, 10.

At the opposite end of the tubular member 23, the ear wax guard 22 has a colfar 27 which in the
inserted position sealingly abuts the end wall part 30 surrounding the acoustic output opening
25 7. Inthe shown ermbodiment, the collar 27 has a convex upper side and a concave or slightly
conical lower side, the peripheral edge of the collar forming a relatively thin and soft sealing Tip
28 against the end wall part 30. Thus, a high degree of security is obtained against migration of
ear wax under the periphery edge of the collar and the ear wax guard will in inserfed position
follow the contour of the shell. This is very important in relation to comfort, especially for CIC
30 (Completely In the Canal) hearing aids which are placed in the innermost sensitive part of the

auditory canal.




28 against the end wall part 30. Thus, a high degree Qaur?e%ﬂai ty is

obt ai ned agai nst mgration of ear wax under the periphéry edge of the
collar and the ear wax guard will in inserted position follow the contour
of the shell. This is very inmportant in relation to confort, especially for

cl C 30 VRS ely I1n the Canal) hearing aids which &Y in the

i nnernost sensitive part of the audi’tory canal. 8 June 2005 WO 02/078392
PCT/ EP02/ 03307 17 The ear wax guard 22 is manufactured of a resilient
material, such as silicone rubber or a thernoplastic elastoner, typically
Wi th an ouhedar elizaiet 2 is hmacifed bf DrediliBnbitleral) sich AbslictleaBiefa Oof the bore 24
of about nm. For. an i

royed securipng of the ear x guard 22 in the

acoustic oglpstic glasipmes fypia ew’fhﬁﬂﬁ?tﬁrrd?g’%"mﬁ’éftrﬁ?éfl%\é@ n%ﬂ""tdﬁ@erﬁht si de be
provi ded wfthdboredgatootr] shetii ct i onal engagenent, e.g. in the formof at
| east one circunferential bead 29. An ear wax guard as shown and descri bed
may al so he pl i ent.il.at] channel . openi in.the shell. In the
enbodi men?ors 0 9%(;?1&8&%2%1%%{%3 gé%a{gazm}élgh eﬁﬁ%?%oﬂ%??agﬁ%%’l%ttg ¥n a bushi ng
32 with amemid2heagh e owsdeba pro@i8ed withalpabsferttictmgd emagentiie.gomtlsi de of the end
- wall part : bushing 32 is preferably nade of a

mat eri al %Og’g'? %t%&%ezcgrgllnlgf?ré?a%&g?g'pl astics or netal, than both the elastic
hose menber 34 serving as acoustic outlet canal 21 and the ear wax guard
22. The BasHivagewyl 4 shofrp ardidesgrihed glay alsq brerldsesin thauspblakionTlangdd may be fi xed
to the engpe%g;nmgcsﬂgﬁe menber 34 by gluing or welding of the collar 33 to
the end wall part 30 and/or it may be 15 inserted with an interference fit
in the hose nmenpber 34. Preferahly, the periphery edge 37 of the collar 33
is taper eﬁ‘@%@?@%’ﬁé““&’n?ﬁ%ﬁ)ﬂﬂﬂlﬁ%ﬁ??ﬂ%ﬁmIB%‘P FP%‘?@‘“@&PW&P*‘%B and the
end wap! Sfulad dlldrBeinebinmek BgAMEt (G0 sfthdtnd watlgrt 30 o @IHAEI NFhPUShi Ng 42 with
a collar 43 . s,adapted to,b mounted directly in the acoustic¢ output
openi ng 7?“85*%32%5%‘3%@%?5 "g?lm?tﬁrfaﬂftnﬁtds e 5 ﬁ?lem%mﬁﬁlu'#?”&"ﬁ]c anal 21 may
be nount ette elmstit hase optinsr Biesenving bheolticduitaganhP? lomd &b eatvai fuafdi2g.Thd 1 but in the
enbodi nen ho. in Fi.g..,1 t he hos nbe 4.5 mounted inside the
bushi ng 4 .Sﬁn%é mﬁ'{?ﬁﬁd%s l&%%?%s%@er%ef ?1%3“8?{{’%{%‘3%*0?1%@% H#5%¥he end wal |
part 30 ofuemabes bbbyl gldinglny welding ofrilge cbltar 83 toshe ehdivhlbpacti3f adfoeit magbd ndi cat ed by 57
and tq§:n fﬁé’rt%ﬁ%%’?ﬁ rtfegc &%itﬁkh%ses. l%rtytransi tion between the collar 53

d part 30. Al'so in

and the end wa e enbodi nents shown in Figs. 11 and 12,

the 25 bushings 32 and 42 with the collars 33 and 43 nay be adapted to the
shel | | i Prefergbly Shawsriphgry cdge 37 of the collar 33 is tapered to provide a smooth transition

between the collar 33 and the end wall 30.

In the embodiment shown in Fig. 12, a mounting bushing 42 with a collar 43 is adapted to be

mounted directly in the acoustic output opening 7. The hose member 34 forming an acoustic
20 . outlet canal 21 may be mounted on the outside of the bushing 42 as shown in Fig. 11 but in the

embodiment shown in Fig. 12, the hose member 34 is mounted inside the bushing 42.

- Pig. 13 illustrates fitting of a collar 53 to the end wall part 30 of a shell 1 by cutting to a
suitable diameter as indicated by 57 and then by grinding to obtain a smooth transition between
the collar 53 and the end wall part 30. Also in the embodiments shown in Figs. 11 and 12, the

25  bushings 32 and 42 with the collars 33 and 43 may be adapted to the shell 1 in the same way.

As shown in Figs. 11-17, it is preferred that the collar has the form of a disc with a flat surface

for abutment against the end wall part 30 of the shell 1. Correspondingly, the end wall part 30

of the shell 1 is provided with a flat abutment surface 58 for reception of the collar. As shown

in Fig. 15, the shell 1 may be manufactured so that the surface 58 is countersunk in the hearing
30  aid shell 1, preferably without changing shell wall thickness.




As shown in Figs. 11-17, it is preferred that the col n 5the formof a
disc with a flat surface for abutnent against the end wa part 30 of the
shell 1. Correspondingly, the end wall part 30 of the shell 1 is provided

with afl tment surface 58 for reception of th i shown in
Fi g. 15{”0?) Igﬁs ell 1 may be manufactured so that thgpcg@%ﬂfo%ésgoég i's

countersunk in the hearing 30 aid sBell 1, preferably without changing
shell wall thickness. 8 June 2005 WD 02/078392 PCT/EP02/ 03307 18 As shown
in Fig. 16, during assenbly of the shell 1, the hose nenber 34 may be

provi ded Wk thown i Fgi 1§ kuring baergiilyonlivistdll 1, Sie Bosb geebel B4 @ayda ploligedGiOUSt | ¢ out put
opening 7 _in.the end. wall. teg?lg]f' of the shell 1, .and fastened thereto by
gluing or? lﬁqﬁnﬁ&‘vﬁgﬁgﬁlggﬂﬁrﬁu S WEC YU PRYne D Fhﬁﬁnd ¥ Menber 34 is
cut f | ushofshd shelt hand Sasteded terep®y ghing or Ydidingsieldupdn tieaydjetipanbfiaed Wi th a
collar 5 53 w . : | ' a h in Fi 14. The collar 53
is fixed tO° @Lgﬁ]?glcte %&‘B;@‘gs‘gﬁﬁﬁh&%ﬂh&?%ﬁé cﬁﬁnﬁﬁyg%?’?v%cﬁgl ﬁel 1 may be
‘provi déd 03 vithost amaryrting eshing sdsheven i8 Figakt. Bieceltnr 53is Fkegl to thd rfadetSRba col | ar 33

~that is i . Nt e L 34. .Jhe S | ed shell 1
with the %ﬁ%gﬁ%@éﬂ%ﬁ ‘E%Sﬁ%lﬁﬂlﬂ%@g eishRe 8 R et 5T WS SRSRRE 01
shown in K with aicpllar 3Pthtiigjuser @ inth hasnd off thebese mémbaiBs. t he nounting of an

el ectronic nodule 74 in a hearing aid housing 10 according to the present

| nvent | onmyeERRnRBBHNOANCANIS 363 Auabihl o daPkadobepd a1 U LorY

canal and having a generally irregular conical a face ate 2
covering thegn War d opening of the shell 1, a battery lid 73 pivotally
connected with the face plate 2, and an electronic nodule 74 having a

ni cr opiONBig 38 siEvv irNid depill AReRERIng 9f ANLctebnEQhbatle 4R AHELLI Rusidd I ecei ver in
however | 0 RRatGa{S B PEBmHiER: 102 being B @mPeead € RABSHEBN manut act ured
separ gt teI gﬁdﬂqmé?ﬂhﬁmgigiigegerzﬁéﬁéglﬂm el sl.*;ab@ ;faa@{iatah ]givain% ﬂﬁrte ; h;)wnt ihn
nore detajl | i.0S. . F I, I Xin ac a o the
her 17, el or o 3yt e B8 ey o) ol B B3RP B g o

m | 1ing adetrw: mefuleG4 hdvangjamigéphom 320sigalr@cssordraad/a @usl rypredoeeof i ed i n the

nodel ,pof i i ing and al so defining the outward opening of
t he sﬁgl Ilte%%m g{eg%%to(%{rgle g#efééspondi ng to the junction contour is indicated

as a dashed line 2' in Figs. 19 and 20. Having fastened the face plate 2 to
t he shel | The faca plgte 2 gpy bayingitegptedifive ploteorvesombimskennsmhedimen thetfed i n t he
hearing ajygle Rl SLed Gandidonited s@Rralel BRI Mier AR | $,,gmbodi ment  of

t he pr esgf?ltci_nventi on t hat S%Erg %ll 1_6\:/% tﬁ ?ﬂées%?'g%%&p})?%%arg can 25 be

cl eaned afhewrinmer defaihindiigs g 28b20: Pripr torfixing dhetfece Plotsdotheshels L. shee not exposed to

pol | ut i ONcoghhir offlke face plate 2 has been Formed by cutting or milling according to the junction
20  contour previously specified in the model of the hearing aid housing and also defining the
outward opening of the shell 1. The contour corresponding to the junction contour is indicated
as a dashed line 2’ in Figs. 19 and 20. Having fastened the face plate 2 to the shell 1, e.g. by .
ghuing, the other components are mounted in the hearing aid housing. It is an important
advantage of this embodiment of the present invention that the shell 1 with the face plate 2 can
25  becleaned after the finishing so that the other components are not exposed to pollution during

their mounting,

As shown in Figs. 18-22, a battery opening 78 is formed in the face plate 2 for removable
arrangement of the electronic module 74, and a battery which may be formed as shown in Fig.
28 for insertion in the lid 73 that is formed as a battery holder. For this purpose, the battery

30  opening 78 comprises a first region 79 for positioning of the battery and a second region 80
coherent therewith for insertion of a socket 81 of the elecironic module 74 housing the

microphone 3 of the module.




their mounting. As shown in Figs. 18-22, a battery opgn| oh8 is forned in
the face plate 2 for renovabl e arrangerrent of the elecCtronic nodul e 74,
and a battery which nmay be forned as shown in Fig. 28 for insertion in the
lid 73 that is formed as a battery holder. For this the battery 30
openi ng WO 9:3?‘?6r| ses a first region 79 for positi omﬁ%’%ﬁ%ﬂ% battery and a
second region 80 coherent therewith™for insertion of a socket 81 of the

el ectroni ¢ nodul e 74 housing the mcrophone 3 of the nodule. 8 June 2005
WO 02/ 078392 PCT/ EPO2/ 03307 19 To retain the socket 81 of the electronic
modul e 74 Toirateirelhs wbkebfod fic nigctrreia modus &, in@gmbadgaaingtrtmsaaeﬁgeﬁmtlmhe battery

opening 7 , the engaging

nmeans cong?%géfe%%%bﬁnﬁkggaﬁo%%gég%? ?9%{1333@%}9@% are a'{r{:atg%lged opposite to
each ot hengaging DEpLwPBsce PRIt spovehE apd 83 wirigh appremaiged oppssite toeedhe first regi on
79 for po%fhteﬂai’gﬁé)@&e %g&&%e%aﬂ?%%ﬂé%%éﬁst% %%or?gmﬂ%ﬂig Serve to

retain the sock ai nst pl acenment 1 n e face plate

2. The Sen§ai§n§hepremeryesidg apdidserrtimptiinthe scksh$lragajpst shsﬁ@mgenem ﬂm&nss faci ng

each ot h%fﬂléﬁ&ﬂﬂiﬁ%?%déﬂ@&fﬂ%ﬂk%ﬂﬁﬁ&l&m p ca?ﬁao‘fﬁﬁks 94&@!3531%&15%%@&]1 at right
and

angles to the face plate into_  the shi not ch 86 retention
of the soe%@rtfmsitﬂﬂézg%?fﬁsetw&?% |aé?é§%%ﬂlacwnttah@ghéms&i°tﬂ@ facgplated{ion. 10 For
engagenentne\helin aﬁ&@nﬁﬁgaﬁrf&nﬁ@@&eEdél&dﬁ?ﬂag’mﬂstmaﬁacfeﬁ&ﬁmﬁﬂl s#o the socket
81 of the el ectronic nodule 74, as seen nore clearly in Figs. 23 and 24,

i s formed it | aterally projecting ribs 87 for arrangement in the tracks
84 and 85, and with a camli ke, backward projection 88 for engagenent with
t he nqnchF&&ngagaﬁbnmﬁhhhﬁngtgmgdieﬂgfdxﬁﬁiih'thefﬁcciﬂugs t8Sofkeusl of @€ati on in the
grooves 8 ?a(é){ ggc te 74 i rranged in the face
plate 2 w Ofnﬁg]o%%‘ite?'s Belulmc?mf ¥ {g’é gt %3'5 #on shown in Figs.
18 and 19projeb1:ﬁg|nbsﬁ’TSfoﬂframghtaeneinelmttmdmlgéanﬂISd,mln@wim anﬂﬁel, bhakwardar r angenent in
t he shell 1. he n [gele or 9 and the

t ol ephone PRI ok BBl AR ol B oo B vyl PR RBERALAGSERST [ 070 "Sher
1. The sob!k@ionﬁmhdgoqméﬁam%ced with the ribs 87 in the tracks 84 and 85
and is displaced in or pivoted towards the plane of the 20 face plate 2 so

that tjhe mﬁl@ﬁﬁ%lbcﬁﬂm&%oduﬁeﬁr%ﬁ&dh%?ac@ @W'ﬂ}ebﬂey]dtﬁ'? vogt ch 86 wher eby

the resilient lugs 89 al so engad)g,]e with ?r ooves 83. The engagi ng

nmeans at P do theppsiboryhovmia Figat 18 ard I 9othersrthef treoleatrrpicupmsuiriicadddiyy engagi ng

Means  ONahREnBRGHK ML si3i} 1 Ghdet BEHEI A, Dk SR po&ssbflo MRYHRG1dpRéndBd SO that

the electronic nodule 74 is
are passed through the batiery opening 78 down into the shell 1. The socket 81 is then placed

with the ribs 87 in the tracks 84 and 85 and is displaced in or pivoted towards the plane of the

20 face plate 2 so that the projection 88 is brought into engagement with the notch 86 whereby the
resilient lugs 89 also engage with the grooves 82 and 83.

The.engaging means at the edges of lthe battery opening 78 and the iatching engaging means
on the socket 81 of the electronic module 74 may be formed so that the electronic module 74 is
passed substantially at a right angle into the second region 80 of the battery opening 78 and is

25  then displaced in the plane of the face plate for provision of the engagements described above.
Preferably, however, the socket 81 is passed at an oblique angle into the battery opening 78
with abutment on its edge at the nofch 86, whereupon the socket is pivoted into place and
fastened by engagerent of the resilient lugs 89 with the grooves 82 and 83 and of the
projection 88 with the notch 86. In this design, the end of the tracks 84, 85 and the

30  corresponding ends of the ribs 87 may be formed for mutual abutment and for retention of the
socket 81 against displacement in the plane of the face plate 2 after mounting of the socket in
the battery opening 78.




passed substantially at a right angle into the secondggglgg%{ijBO of the
battery opening 78 and is 25 then displaced in the plane of the face plate
for provision of the engagenents descri bed above. Preferably, however, the
socket I ssed at an oblique angle into the bat ing 78 with
abut rren\%cgh&ls?gg edge at the notch 862 wher eupon t he ];scgﬂé%gﬁ%ﬁg pivoted into
pl ace and fastened by engagenent of % he resilient |l ugs 89 with the grooves
82 and 83 and of the projection 88 with the notch 86. In this design, the
end of the tracks 84, 85 and the 30 correspondi ng ends of the ribs 87 maybe
formed f oWhatheeléctratie modulet 74asremévod from the htarionaid) thetrdsibient bpedBtan B agai nst

di spl ace I . f t i of the socket
‘n the bet %?F%"%E%ﬁimﬁ%&%&“gﬁ“?%ﬁg"%g%égL‘%bg?%%gﬁgp%f’ggoz/ 03307 20
Wien the ®hwerpnthé tockebdlis pivatell upwardewithtbebatk aige 4t the nbidedtangio pive, t he

rosi |1 ent plinds s cahedbojeckifi BADAMH: LQMblohd a8 IGARRIE b il bt he 0T 0OVeS

I
82 and 83" by neans Sul tabl e tool, ereupon the socket 81 is pivoted
upwar d§ w8t ¢enbpempyed iromdipdacy plate can the ethergemponentd i apd Viof the potrevicf or r el ease

of the preb&id 148 §3irkd bih e GIRGR i 5@%}: o that the
socket 5 81 ca7n be&%emegg ﬁflrﬁlomthgﬁ?%%eug%&??ban Ataﬁ%%g{%her conponent s
76 and 77_of the electronic nodule 74 can be lifted out fromthe interior
of the shEWF deHERFbEE Y seoke 8heande piyoteslia gyt of ds posttipr i§ epesddlyn, where t he
socket Si advaitaghstis Binot@heRslpdrig @Bdhs 02186 i thid deﬁ%ppfﬁﬁtﬂbﬂmeiggfoﬁﬁaem ally

advant ageous sﬂlgn e the.enpgag%l gi? lgeans g2-8 in this desi gn,_ apart from

bei ng f or FE® CETFe SRR ISP Resggnt b the pogket 8k gt thgireaipn I A RSERIonf  he
socket1o 81andménmvhiNEherdedgnanthd Qma timb sBlghdvideszob® rerMcbnloLii®aket 81T Kigcedesi gn at t he

sanme time,sti.l.l proyides d ret ion.pf. th ocket 81, since the
resi I'i ent PFf még‘gsp cﬁ“@%cfﬁ?’ﬁtledegt‘%gg%Oéﬁ?sbt}?m?@mfﬂber%a‘&%‘i‘“fiiaﬁﬁ? ¥ of the battery
and act athatlpewigie 8 stranb &isteyingoof thel eocket sdd rasvent itasdieaiaipiwfiing dieafeolket and

prevent i | Rt e i i ) after the. unti.ng..The rel atively
| arge | en%?'ﬁu%r eh'gﬂ?&l ﬁ%r%(ag%‘{g&]q’ﬁg‘g}eé’g*’%ﬁ‘é? §e9&r 5 %]ﬁf’ gle?%éong ggi on 79
si nul t anesuslageofidy fabilitates mmovabeftheabeke 81 sihe teduge €9 a8 pushidmoinft he | ugs 89 are

pushed: out. of ﬂﬂ@gﬁ%m %N | at]vel use of force at

t he 08% eréngi%’g?gtgfﬁt ugs lgg |Sé?ﬁ§ri9§ﬁ%m°§ty§%%a %hgﬁ%a%gi've design of the
engagi ng neans at the edge of the battery opening 78, the grooves 82 and
83 bei ng Plepil skesi 2pjltempivadensp o bhoerpineaeassgb e oige of the baitrat $pering enbodi nent
t he groov%ﬂlggmg@glgﬁédgp%g%ﬂacmwﬂ§cllog}g%cggegg‘y%lgngtg&ks 83a which, as

shown in Fig. 20, expand fromthe aé)erture, Thi's desi gn provides good
engagenentmb8firprehogorvesiZapeh oprn Ryt doggwprdipesioprrgradkist Erdbett pi vot i ng out
of engagediBmi in FNS, Banditanil Bk, @his &d3Bn 5ROGAG DG ABBGSRnd F a8hOWN in Fig. 22

wherein the, seco regi.on 80a
20 rcsellicnt lugsr{g prevgnting unsmtendcd pivoting out of engagement.

Another embodiment of the engaging meaus is shown in Fig. 22 wherein the second region 80a

of the battery opening 78 has a trancated wedge shape. The tracks 84 and 85 and he notch 86

are replaced by inwardly projecting, arched ribs 91 at opposite edges of the battery opening 78

retaining the socket 81 in both directions at right angles to the face plate 2 by engagement with
25  grooves in the socket 81 instead of the ribs 87.

As shown in Figs. 23 and 24, the protruding resilient lups 89 from the socket 81 may suitably

- be formed with integral battery terminals 92 since, after mounting of the socket 81, the Iugs
project into the first region of the battery opening 78 where they contact the terminals of the
battery 93 shown in Fig. 28 when the pivotal 1id 73 is in its closed position,

30 Asshownin Figs. 18 and 23, the pivotal battery lid 73 is hinge-connected to the socket 81 of
the electronic module 74 by the socket being formed with hinge bearings 94 with holders for a
_ pin 95 which can engage with hinge tracks 96 formed at one end of the battery lid 73.




of the battery opening 78 has a truncated wedge shape OtOr acks 84 and 85
and the notch 86 are replaced by inwardly proj ectlng arc 8 ribs 91 at
opposite edges of the battery opening 78 retaining the socket 81 in both
directi right angles to the face plate 2 by e with 25

ar ooves‘%ﬁﬁyﬁﬁgzsocket 81 instead of the ribs 87. As s /55%0 TFi gs. 23 and
24, the protruding resilient lugs 8%fromthe socket 81 may suitably be
formed with integral battery termnals 92 since, after nounting of the
socket 81, the lugs ©project into the first region of the battery opening
78 where m&;ammma@wl e biterymdnahs a@&uﬂbeyﬁnb@datwuw%ﬁenaﬂ@%r kN Fig. 28
when t he . 73 | in i cl.ose ositi hown in Figs. 18
ona 25 v et S ik 3y Prepb BT R RSB B P R S ocket 81 of

t he el eCt98)mnetelmﬂUMaxaﬂy4thbgegiﬁveteﬁﬂﬁdlaiﬂ1bﬁmﬂg93 Gy fomad wd sl polebitige beari ngs 94
with hold e. acks 96 forned at
one end of % Sh%ﬁ%{“tizéfy n@h"‘?‘%’m% g LS e e dﬁﬁ%@bﬁiﬂfg%{ﬁ FEPO2/ 03307 21
To ret &i nfotsh Wittt eprightG8gular bige ﬂiﬁtvﬂmﬂlyat b@rdctiﬁaﬂganenmﬂﬂ&rbmtc@i knelosgl i ndri cal

wal | 97 e [ inin bat.t er ace 99

t oget her %?ﬂ Cl rchbgb}utglgejc Jlfglg%ss tle%edge%fofl‘%l‘f"l’ﬂ égrgve clo efﬁlgrm nal ,
usual'ly tbetterydigal- Hblepleeqﬂmmahounﬁﬂlehéteb’atlﬂlenmcmctpblsmfamwbdheas a pol e button
100 as sh %i'él)ﬁ t%ﬁogm, @ﬁretﬁéﬂﬁ%{'ﬁdﬁy& foﬂ{yd'vﬁtﬁl %%Lﬁr%nul a%o .de of the

battery 1|1 W th an uprig ar e 1 which, at
correct am!fmﬁg?emqﬂam 9§ werddha poterbpitond Q8 Is plaecd is forimed pih edebmsto@rwaoo but

whi chgg i f b NGndRbh B Yhe bte bdtored the wong way, prevents closing of the
battery lid 7 This prevents insertion of the battery with an incorrect
pol ari zat i on. In the enbodi ment shown, where the battery lid 73 is forned
with edgeWhrsihheternhd Tis desedh theiciaqular-setign-shapededegflang s @8 é‘lﬁ“@é‘“’ fitEihe 98 where

the pol e bruidag phRQ atosnd&ha&edyb niby Vﬂ%ﬂgb&e@tﬁﬁﬂfnﬁ@ﬁﬁé\b&aﬂ}% 10 providing
e batter 73 is cl gsed,

room f or the ol e.bu

circul ar- %tét& EHRLY % Sté&%”é‘%l"éﬂ@@é’”@@ %llt”i ?‘ﬂ%’n@&?"gﬁlﬁ fac?)lflatf he face
plate 2 azﬂmmhﬁldnedlb.ﬂshﬂlﬁﬁt)pro&ﬂmsﬂﬂthzsaﬁe@ﬂﬂlﬂ}hbragWﬂﬁﬁ&ﬂrﬁ@ﬁf{hé oni ng of the
batter at . J.ts i.nserti he fir 7 f the battery

openi ﬂ% 7%%6{?1?%% i §F Oq‘aél Brgyal pishe ﬂ% fi“%ﬁ%ﬁ% UFALC Wi t hout

pr ot r usi osasilyfpeifortiae battery |id whereby the rranuf acturing of the 15 hearing
aid is sinple cheap, and insertion and renmoval of the conponents of t he

h i I f d th
oot gn°of *{ B Ein FRR s P, AL MRl of b REYRY ol Mhnuobr BB 250 1 n°
uncover ed93b&thtﬂe¢0y6r§fbbaﬁ¢m tetmgnafsfpimed bhie pdieebugion 1@0 budttheomd &m@cea)ﬁtihe t he end
surface ofgut rgqs% %&fo&eofaﬁmaw% otftﬁ@ﬁﬁ&;&haqhetté}ﬂaﬁm@tm%&ayﬁr@ugﬁ the battery

lid, the ter s are directly brou
20  into contact with the integral battery termmals on fhe resilient Tugs 89 on the socket 81.

At the closure of the battery lid, the main part of the partially cylindrical wall 97 will
farthermore be placed up hgainst the socket 81, while the 'remaining part of the circumferf;ntial
surface of the battery is not enclosed by any socket that would take up space in the mterior of
the shell 1. The wall of the shell 1 can be located very close to the battery so that the shell can

25  be formed with small dimensions.

In addition to causing accurate positioning and reteption of the electronic module in relation to
the face plate 2, the socket 81 supports the battery terminals 92 of the electronic module
directly, and in combination with the hinged battery 1id it provides a secure guiding of the
battery during closure of the battery lid.

30  Inthe electronic module, the microphone 3, as it appears particularly from Figs. 18, 19, 23 and
26, is directly connected with the socket 81 and communicates with the surroundings through

microphone ports 103 and 104 formed in the socket 81 and the battery lid 73, respectively, so




20 into contact with the integral battery termnals og E&ﬁ}dogsi lient |ugs
89 on the socket 81. At the closure of the battery |Ié, e main part of
the partially cylindrical wall 97 will furthernore be placed up agai nst

t he socket gl while the remaining part of the circunferential surface of
t he batwgvﬁf/ B¥2not encl osed by any socket that woul F¢ BB space in the
interior of the shell 1. The wall & the shell 1 can be located very close
to the battery so that the shell can 25 be formed with small dinmensions.
In addition to causing accurate positioning and retention of the electronic

nmodul e i nibekidichedbartert fighdy agRtePlo pt@ide well-NenREkRA ek toHPPOrts the battery
termnals 92 gf '%Dg el ect.roni m)glul e i rectlmy,_ and in_conbination with
the hi nge®“FREE Fy/™ foe G qdimsat shovihs the miccopbope gort {14t hgbary fif B3 Shat t ery duri ng
cl osur e oforhddes iadptiediy whithtkan B&kldatiedtrilfively ety W Up€ninpakbbatery kd13. i cr ophone 3,
as it appears particularly fromFigs. 18, 19, 23 and 26, is directly

connect ed ,\ . and £o ni cat.es. wi.t h.the_sury.oundi ngs through
i crophon#&éﬁ%ﬁ%?%ﬁ%ﬁ%ﬁm e(s‘)sro?r% Jﬁlwﬁeﬁ? 1‘385%{’?@3&5%3{ ® battery lid
73, re8pecnpegied yia flexibl@wigas 185 8 G:OBinallD6OR HO 7 BD 21, RATGoBRPIRZFOHe 22 that with
a cl osed s Ld j .0V wel | ~def.i ned sound access to
the m cr%%ﬁu%ﬁ%éﬁg .kénﬁ%&%aﬁéhéhﬁg%%? Er'é%e%sgrsﬂ%%?&&%msmh%ﬁgﬁ% ne IE?)l'c(’)rt 104 in the
battery | foept ufatiiesarrapgsroon df thesigml rgsesvordland theveleptone@in Hedndplideallyed rel ati vel y
easily by, hior the battery lid 73. As shown in Fig. 23, the signal

processor 9 with the anplifier circuit of the hearing aid is 5 connected
via flexible wires 105 to termnals 106 on the socket 81, and

cor r espontiEhglaynd 398 dlusiray aa smbesdimest whereandherecetverds ipartd inrrseixdr §eldars processor 9
vi a fhexi 9 ie thwdi@sf shetT prothidioss Blckiiing dWRrdly TRIS the Hitdopilak sRarangenent of the
signal processor 9 and the felephone 6 in the individually adapted shell

1. Figs. Degatipgtlsashier procysions sich o Tapirsash aropemyided 19r foprdimeagdi ver i s

i nserted hoMifgasebceiver di0budRl Say i) niBchahienl ib@tidu® fombatbd SNB fecehd doUsi ons 81

ext endi ng inwar%!%% igltgo.thg iﬁﬁeri or of the shel| 1. Preferably, at |east
three pr ot BEpagpet tefeqiog ad pisl] 1 opothsr parts phisheanie @ 10 S18888-f or recei vi ng and
hol di ng tinsvanteifeddvbeck o5 other distuchingreffody Fletiolt sRehantf 6akechidd b attvens gener at ed
by the.regceiver 6.d0.,n0ot nropagate to the.hearing aid shell | or other

par t o 1o e el o1 R or B ORA8 e e i B8 PkeBeRe o "ot her

di st ur bi nyrefnflisgdnd clufchiag ihb Fegeiwn 6 petisvingnt kst ddededdas eioineion 83 bet ween 15 t he
receiver - | de ne. or re flexi bands, .82, e.g. nmde
of sili co%g',kc ti&? %ﬁdﬁﬁ? %Eg‘g%lrléa nge%%{dcﬁ?rﬁd’ ng Ihsgrg e é"l‘@gg &Ié&éﬁcﬁwﬁaw ng at | east
one bead tehepingtaidbovsing. 83 encircling the receiver 6 providing a safe and
vi bration absorbi ng nounting of the receiver 6 in

Fig. 30a illustrates a receiver chamber 80 that is adapted to receive and hold the receiver 6 in
20 such a way that mechanical vibrations generated by the receiver 6 do not propagate to the
hearing aid shell 1 or other parts of the hearing aid 10 causing e.g. unwanted feed-back or other
disturbing effects. As further illustrated in Fig, 30b, the flexible lsus;:ension of the receiver 6 in
the receiver charber 80 is provided by one or more flexible bands 82, e.g. made of siticone,
surrounding and clutching the receiver 6 and having protrusions 84 preferably positioned at the
25  comners of the receiver 6 and extending towards corresponding corners of the receiver chamber
80 thereby providing a safe and vibration absorbing mounting of the receiver 6 in the hearing

aid housing.

The CAD/CAM system is adapted to include a model of the receiver holder, such as a receiver
chamber, shell protrusions, etc, in the shell model. Preferably, the receiver holders are

30  automatically adapted to fit a selected receiver.

Fig. 31 (a)«(d) shows cross-sections of various embodiments of the ventilation channel 8.

Position, path and cross-section of the ventilation channel § may be selected, e.g. using a




the hearing aid housing. Fig. 30a illustrates a receiﬁg&Kgﬂﬁgber 80 that is
adapted to receive and hold the receiver 6 in 20 such a way that

mechani cal vibrations generated by the receiver 6 do not propagate to the
hearing aid shell 1 or other parts of the hearing aid 10 causing e.g.
unvant HOP¥EEBack or other disturbing effects. As TCHEREPSY) | ustrated in
Fig. 30b, the flexible suspension of2ihe receiver 6 in the receiver
chanber 80 is provided by one or nore flexible bands 82, e.g. nade of
silicone, surrounding and clutching the receiver 6 and havi ng protrusions

84 pref er IVc AL FPREn The drb8 seRRonGRN MEash Bhistdnf ont n%%%tysfm@ and ext endi ng

t owar ds correspondlng corners of the feceiver cha 80 thereby providing

a saf e andcHHaHPHERRT o B G1OBYT SSejoORBER AN sers. Rreferably Biaaliple sips, | F%E hear i ng

ai d housi R@achithe 16MPACAM: St @RS, A8PLiBEnstdRallc degalﬁm@etmﬁeel of the
recei ver hal der, tlia,thh asa ecei ver . chanber, she rotrusions, etc, in

the shel | SgsEdven 8‘?@%1@ r‘t“}qé’lﬂr’@@@"@’é‘ﬁh‘e}{md@é’f@ﬂ%ﬁ - PR ComPeRREt i cal | v
adapt ed t @f fht headngSed, @ch @h eRveY, ¥ Ricrophung an Sdplifies, afeﬁi;hoib&ﬂﬁet@ﬁﬁﬁﬁe- sections of

vari ous e Odl f.th ntil on cha nel S. Pasition, at h and
cross- sec gt?’ tﬁf’edot?é’ﬁ*??ﬁﬁ‘ 'gjltﬁ'ﬁ ?}ﬁﬁfﬂﬁée@@“&@f’@ﬂ"m using a 8
June 2005 ThWBlc&Bd Evhip3sats Eﬁifbe&ﬁ@%ﬁ&Bﬂﬁ;ﬁoﬁB withiAHe AR G a el Bod oﬁtst@ine m The

cross-section na emain const ant al.ong the th of t ventilation
channel OIP"?tf?é‘m%?; té%m?@c’tefl% r?ﬁ iong] cpNjsiqh o °é-g@?1’°5318’f’85t§6‘t‘&7§‘11’ﬁ°4m| tiple
steps, i ntevesilation chamehingnbe fithbramdifiasia ofdbﬂtbgermﬁbﬁt&mﬁnmﬂ;zsammdm A

t hree-di ne naI yvent il ati hannel is
formadlqan pl nc Sl?acegn%rggujt ﬁgm%%g%he]?fm?%omﬁ&@% ﬁ%’ya@oww& of the
heari ng aiodp wallehd iasmbedingeoep)tby ventiativh clmoph®is @artially itegpdtediin de walhoft el ephone
coil, etc t ydi mensi onal
nodel s of Egsﬁrlgjg%gi@k\??%%ﬁ%%ﬁ%ﬂ e ‘g%&ﬂaﬁ'ﬁe 2 W(t:%’)i}r%’o%% S may be

di spl ayedTngWw%@mwmmﬁ%wm&%m%@l (8¥ leaving paorervpem fopesbdrt i oni ng of

t he: compORgHoRed RRkANA nqptlto 8@l £hIoR bianddhh ARSI drb Bl croi@t h and shape

of the ventilation channel I'n order to permt
opt i mifh utSWCP?WFW"EFEﬂ?ﬁﬂ?@%ﬂ]’%‘bﬁ%ﬂ%ﬁi&ﬂé’aﬂ mt‘@i@’e@ﬂi@(’héﬁmﬂhg aid shell.

I n enbodi mamthat(@alfftcmem\(mtelmmvmmptgaﬁr@l s%uett@&rectaﬁ Qmssw@éubn and in

enbodi ment (b) the ventilation channel artla inte rated in the

wal | of  EHEMZedhg VOl“ﬂPﬂ9tH?étteveﬁéheﬁr°é%setﬁﬁ’ash?éfﬁm El&@ﬂéfﬁ&tb doGkal | is
const i t ut gt Ryt RO 19 1@ dEERGtko WL, Ftu&@?’hﬂ@ﬁ@i;ﬂ%pﬂhté%vkﬁ@aﬁ%&' ume occupi ed

by the ventilation channel g@g | eayi ng nore roomfor other conponents of
the heari fymag gmay be fndy igiegrafedia fh shelf gy ent i | ati on channels 8 with a

circular cross 15 section create a volune 19 at the transition between the
shel | 2pal A lrfthe hidehelleintithlaaikbtetingGing Bl illustrated in Fig. 32. In Fig. 32 (a), the shell 1

is shown having a groove 88 extending along the selected tightening contour. The groove has a

cross-section with a shape and dimensions that match the desired tightening ring 86. The shell 1
with the tightening ring 86 mounted in the groove 88 is shown in Fig. 32 (b). As already
mentioned, the tightening ring provides an appropriate, comfortable and secure tightening of

25 . the shell to the auditory canal when the shell is mounted in the anditory canal.

Fig. 33 illustrates a manufacturing method according to the present invention wherein the face
. plate 2 is separately manufactured including a battery opening 78. Preferably, the plate 2 also
comprises the engaging means. The shell 1 of the hearing aid housing is produced on top of the
plate 2, &.g. using stereolithography, layer by layer, the first layer 90 or cross-section of the
30  shell 1 surrounding the battery opening 78 along the previously selected junction contour of the
 hearing aid housing,

In another embodiment of the invention shown in Fig. 34, only a part 92 of the face plate 2
including the battery opening 78 is separately manufactured. The circumference 94 of the part




wal | that is difficult to utilize. As shown in Fig. 34y{sa003 Square or
rectangul ar cross-section mnimzes the volune 19. However, the

. cross-section shown in Fig. 31 (c) substantially does not create a vol une
19 that_i jfficult to utilize. Further and if appropriate, the

venti | a‘FPﬁ?‘{SL’sﬁgﬁannel 8 may be fully jntegrated in t Tﬁf@?"?&%l . 20 A
hearing aid shell 1 wth a tightening ring 86 is illustrated in Fig. 32. In
Fig. 32 (a), the shell 1 is shown having a groove 88 extending al ong the
sel ected tightening contour. The groove has a cross-section wth a shape
and ‘di meng} 6 sty hehgepns sidyen andithgheaging widihousingyis p@ducTheitshel | 1 with
the tight a{iagraid A fifc TREMLEH of ulBEmOsHANEy BRuksml QoI fild. 32 (b). As
already nentioned, the tightening ring provides an appropriate,

conf or t ablPEr IS dyEy @“tf‘?ﬁjget SR Cwe 95 ‘Efﬁ@“sﬁ#éllqmt Be g waedbry canal

when the shghkiled toSa®uobbiiciontht RarmUl Hoddidg -6 Hbthe ouleh Bmendion of heiphy ates a

manuf act uri J thod accordi.ng to the present invention wherein the face
plate 2 i@sf;%ﬂgﬁ% @PW%?W@&“PW% adielRearapgpagiieni ng 78.

Pr ef er abl yertidaiietophrad t8e phrtada§ Anpinde BPERS9Sint BeheRRGRGREG. 92aNS. The shel | 1 of
the hearing aid housing is produced on top of the plate 2, e.g. using

The 30 snrToatoat i be il aprad it bkt o St bnfiroel SPevi ously

sel ect ed jliustated ovFig 85 (Thenntegrhied faee pldtedis ienginadddvith @ spenigg 98 Haviagot her

enbodi nen; j nt.i. on wn aneFig. 3 only.a part. 92 of the face

plate 2 %Hﬁg‘{nﬁ%?%glﬁaﬁ@gglgtg 'tmélr%%e?egf)eeérﬁ °ﬁg‘° %Mﬁtgly Elg%ué’gdalfag%"%‘%%@act ured. The

ci r cund er plate @, Wpag P2 isipesitipasdtan@fitied irethO6@Ging IBE0R4DTEE BIheREIHERD2/ 03307 24
92 is inc} e 3 Nt d; i ?qg t.he hearing aid

~ housi ng isa rof_} uceda \%lrat ’aﬁﬁa{n . %%dce%grég)tﬁze é{gggg‘%‘?ﬁg t‘aa tgg"hnéd to or

abut ti ng PRRAZHEAHEABY fpwirdsThe inlerreirbiicepiatt 2 104 inpiggsron byery foyerthe t he first

| ayer abulifchirehi®r Gb nfdAlhe058. 24 of the part. As shown, the _

circunference 94 is tapered towards the outside of the hearing aid housing

so that the outer dinension of the part 5 is slightlé/ | arger than the inner

© di mensi ont*&f30EhRs g &iops-seqtign efiflie sholl qppringcotrasd by fhe Sisarjeie 7 prgn frrabUO® al | y t owar ds

the past wegacd e NFR, WYULRUKEsWafids Bhbdainehtd 6f t6d e YiXl-Pb8 MR e ans 46 _
orned starting with tﬁe end 96 opposing

Alternatively, t shell | may_he f t
the face ‘ﬁ’ﬁﬁ‘&“@lﬁ °Slf1?’1“i§§1ﬂﬂf‘”5t4§f§ﬂ Fig: 3614, thegfgee pipfepositigng rsins 46 kayee plate 2 i s
term nmat eﬁuﬂﬁbtshﬂad&:fnﬂiﬁ@mﬂﬂge a&uli nitQf fe 6 plﬁwmfgmqﬁlfem;fsdah }oﬂﬂet he |
ci rcunferenc 4 t he separ.ate roduc art, 92 of the face 10 plate 2,
the part ?P?aée tS&EPF%We"@e‘E%ﬁ {qof %ﬁgg’“)i ﬂhe EFg Pg*&&’ﬁiﬂﬁﬁ’ﬂ%ﬁwe B8 chnent to
t he i nt egindentations Athet apl addped B reddivre bd reddhiti@tr@gectiteltibs ITdfA@TRE peteRace plate 2
may beg. t r.e th a Light. beam opagat i ertically towards the
"ot eofat ol i piR2 Iy Bttt bt e B AP b i oo

when the ribs 47 are received by the mating indentations 49 of the shell 1 whereby correct

assernbly of the face plate 2 and the shell 1 is facilitated.

In Fig. 36 (b), the face plate positioning means 46 have ribs 47 also extending along the inner
surface of the face plate 2 and extending from the circumference 50 of the face plate at a

25 distance from the circumference 50 that is substantially equal to the thickness of the shell at the
junction contour 50. The shell positioning means 48 have comprise the shell 1 at the junction
contour 50. The face plate 2 is cut along the junction contour 50 so that it matches the junction
contour 50 when the ends of the ribs 47 abut the corresponding part 51 of the inner surface of
the shell 1. The shell positioning means 48 may further comprise protrusions 52 at the junction

30  confour 50 extending inwardly towards the interior of the shell 1 for reception and bolding

corresponding face plate ribs 47.

The design described above of the modular hearing aid according to the invention with the

individually adapted shell 1,‘ the face plate 2 fastened to the shell 1 and formed according to the




circunference of the integrated face plate 2. Fig. 368?98%%KB Cross-section
of the shell opening covered by the face plate 2 seen fronbelow 15 the
~face plate 2. Fig. 36 illustrates various enbodi nents of the face plate
posi tioning neans 46 and mating shell positioning neans 48. 1n Fig. 36
(a), th‘é’ofﬂg@@”ﬁl ate positioning means 46 have four YiHEHP¥¢t ending from
the circunference of the face plate ? along the inner surface of the face
plate 2 to the battery opening 73 (not shown). The shell positioning neans
48 have mating indentations 49 that are adapted to receive and match the
respect i vevell kdnpuy the bittetytid 78 askitshingt @nitcticd Witk e séchaef ft @éckolc i S cut al ong
the junct] r 50 sg that. it matches the junction contour when the
tibs 47 ap B ARG iRy HiRiel o ReainE e e R HEC LB | 1 Wher eby

- correct  emmpesiiidsign it dihws hanohptiateef bdisidokily hdrpehintthe-dar hearifgaih bfi t at ed. I n
Fig. 36 (Rkaced dfcdsGE Pl ate positioning means 46 have ribs 47 al so

ext endi ng a?ong the 1nner surface of the face plate 2 and extending from
the circunference 50 of the face plate at a 25 distance fromthe
circunference 50 that is substantially equal to the thickness of the shel

at the junction contour 50. The shell positioning nmeans 48 have conprise
the shell 1 at the junction contour 50. The face plate 2 is cut along the
junction contour 50 so that it nmatches the junction contour 50 when the
ends of the ribs 47 abut the corresponding part 51 of the inner surface of
the shell 1. The shell positioning neans 48 may further conprise
protrusions 52 at the junction 30 contour 50 extending inwardly towards the
interior of the shell | for reception and holding corresponding face plate
ribs 47. The desi gn descri bed above of the nodul ar hearing aid according to
the invention with the individually adapted shell 1, the faceplate 2
fastened to the shell 1 and fornmed according to the ---- - ----- S
------- -- 8 June 2005 WD 02/078392 PCT/ EP02/ 03307 25 shell contour, the
battery lid 73 and its hinge connection with the socket of the electronic
nmodul e 74 allows an extrenely expedi ent and econom c manufacturing together
wth a very conpact design that allows manufacturing of individually
adapted in-the-ear hearing aids of reduced dinensions. 8 June 2005 26
CLAIMS: 1. A nethod for conputer controlled production of a hearing aid
housing wwth a face plate




and a shell that is matched to the auditory canal of g jsesggsconprising the
steps of acquiring data representing the shape of the audrtory canal,
form ng a three-di nensional nodel of the hearing aid housing in a conputer
based on the data, and producing &bthearing aid housing based on the nodel,
wherein the step of formng the three-dinensional nodel conprises

i ncludi ngLAmpg:-he nodel a tightening protrusion extending along the
tightening contour that at |east partly encircles the shell and that
extends along an area of the shell surface selected so that very little or
NO Pressyr e | j | o L: LLory canal. 2.
The ot nod hnnraip e s eEfbak g NRARa B RS ke flF ALEMEP

t hr ee- di nensd ostgll thanip defched dmtpe agltary canalrod a sien gorhrizing tesrepsifmensi ons of t he
shell along the tightening contour thereby providing a tight seal against
the auditory ¢ I I he (P jnserted in the auditory canal.
3. The net h%ﬂﬁrgn%?gt? |%eéen}tﬁ@of@?%ﬁ?ﬁoiﬁlgﬁdrﬂfﬁé’?nagonpri sing the step of

i ncluding a groove extending along the tightening contour in the nodel
havi ng a criossngsettee-dimensitral modehaftbe hariok di teusBigans corhyaiter vesedbn a desi red
tighteni nglﬁi(ﬁg tg be nmounted in the groove. 4. The nethod according to
claimi1, furtHer?” onprising the steps of including a groove extending

al ong the contour in the nodel, and depositing a material different from
t he mat er ipadduéifig 4 herish aill lhousigtvhed on davitodel, R@erdia pRsdtdpest fomiigy thal
constituting a tightenin rotrusion. 5. The pethod according to any of
the precedifg-ergrigal redd REPPEGHBFPdrh & themedelb 3 fanteniag | RIMFRY a position
of the ti ghk@RiMTa&RNLOHEhtRAE BRAR 8 B0ledsP paAIP ORirkiEOMe ikt aavdi t ory
canal at which user activity caused dynam c variations of auditory canal

di mensi ons <aiekds alpaRn agh et Gpyhel surdase peected do thagvary Hdlanr hvgrestretihe shel | in
t he auditor . . a0f tivity is provided. 8 June 2005
27 6. A heggr(?r%g&g!llséﬁe;}gsr%%%{ﬁ%?éh%a}lar%é)tg{lcél&gudi tory canal, conprising a
hearing aid housing with a face plate and a shell that is matched to the
audi t or y2.c dhaimethbd acagsiing, towkrirgh véleein thhasp of Emmingwirutheeeidimepslotaly acqui ri ng
data represent,ing t.he .shape qf the audi.tory. canal., .form a .

t hr ee-di rrerrlﬂsolg?)]n‘? PHoa et B s %éa ugeglrd%?leﬁ Slg?sdgfh%ﬁ§?%lgal?’?$ ?ec %ﬂ“’f‘ger based on
the data, ceRbeGHerdbg pioidinga tigmcbed] agaidst BB biNoRGatd Ral wherdihe k@SS partly
encircling . the shell and that extends along an area of the shell surface
sel ected sénSFrFFQt‘“Q?‘éT“V“?Iin’Q“F’e or No pressure is

3. The method according to claim 1, further comprising the step of including a groove
extending along the tightening contour in the model having a cross-section with a shape

- .and dimensions that match a desired tightening ring to be mounted in the groove.

4. The method according to claim 1, further comprising the steps of including a groove
extending along the contour in the model, and depositing a material different from the
material of the shell in the groove, the deposited material constituting a tightening

‘protrusion.

_ 5. The method according to any of the preceding claims, further comprising the step of
selecting 2 position of the tightening contour corresponding to a position in the auditory
canal at which user activity caused dynamic variations of auditory canal dimensions are
smali whereby a secure and tight mounting of the shell in the auditory canal independent

of user activity is provided.




exerted on tissue residing deeply in the auditory can%IJuan%uci ng a
hearing aid housing wth a groove extending along the tightening contour,
and depositing in the groove a nmaterial for formng a flexible tightening
protrusion that extends along the sififace of the shell and at |east partly
encircles the shell, in order to provide a tight seal against the auditory

Cfanal valg| )Nﬁ@aﬁné n@fcﬁnﬁérhonii§ﬂje'a§cﬁtﬁﬁf%gnail,raoﬁlﬁ}§in§'émaa}i9£ Mdﬁ@:@ﬁ%wiﬂ?a The hearing
- aid according to claim6, conprising a groove encircling the shell and

havi ng a crisgglaieant p ghellwiat i matchdddp te aviforyicazhefiagmnes. whictsheldee beea desi r ed
tightening ] ] LI, 8  The h [ ald according
toclaim6 I%Arnggftm\tﬁﬁ(}a)fgﬁqgll&#%gg%rggﬁe%%% tg%]&ta%ee()ft%?egallul?lgcﬂ ﬁ"g‘gl’ %fg“(l)l'? gsi on

cor r espondsthteedimepdsnl inaiel ofithé herriag) aild thousihgcanabmaiteritased onusedatact i vity

caused dynam c variatiqns.of the auditory canal.are smal]. 9 A hearing

S Tor | nogPrpgdt s s isliep SorRithal ol gt i AGE 4R ML d hous! ng
with a facgteplsadi@gandred of lshellt diaiceissledidt GNRA vE9 liRer abl@ibrdiscanal of a
user, which shell has been nanufactured %}{ acquiring data representing the
shape of t HESHAGP tigPy e dnarsrdr fiedetiary ert.qEedirnehisoratd Agee of the
hearing ai d,RONSIBE dxfindind ABRULE ligh@RfLoRBul MR AfisRing S Bk §rdldg i n the

nodel a tightening contour at |east partly encircling the shell, and that
ext ends al omieriahfonforming)d flexfhbe tightehing prorrisinnahat edtends dohedlee sutfate ofdey |ittl e or

no pressur eshilisand.egt( ?elélstt %%rtl)q IZc]nctiricéss it sﬁe?lsindér?eg tder%%!iél a ;i tts ha?a ncsié {hQ ry can al and
produci ng a he&r ng ai housing wth a ti gof'n?enl ng %)r StT 081 6n  ext endi ng

al ong t he taugdjiviedans grall @hénohe shell i inadited n th@audiidryieanaln t he out er di mensi ons of
the shell are increased in order to provide a tight seal against the

dit I | 1. th hel | is i. ted int dit | . 10.
The heat 7o RITRECH SRR ERE f PGS oo T hEeR OB ho

The heari

ti ght eni ng Having & WoisQketiof QK &SROSR dirffenSioRQBdt tlaRR 2 dBsirbhEshaBl tiag y canal at
whi ch user activity caused dynamic variations of the auditory canal are

smal | . to be mounted on the shell.
8. The hearing aid according to claim 6 or 7, wherein the position of the tightening
protrusion corresponds 0 a position in the auditory canal at which user activity caused

dynamic variations of the auditory canal are small.

9. A hearing aid for insertion in the auditory canal, comprising a hearing aid housing with a
face plate and a shell that is matched to the auditory canal of a user, which shell has been
manufactured by acquiring data representing the shape of the auditory canal, forming a
three-dimensional model of the hearing aid housing in a computer based on the data,

_ selecting it the model a tightening contour at least parily encircling the shell, and that
extends along an area of the shell surface selected so that very little or no pressure is
exerted on tissue residing deeply in the auditory canal and producing a hearing aid
housing with a tightening protrusion extending along the tightening contour, in which
protrusion the outer dimensions of the shell are increased in order to provide a tight seal

against the auditory canal wall when the shell is inserted in the auditory canal.

10. The hearing aid according 1o c¢laim 9, wherein the position of the tightening protrusion
corresponds to a position in the auditory canal at which user activity caused dynamic

variations of the auditory canal are small.,




