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~5 ~~. (57) Abstract: The present invention relates to manufacturing of & hearing aid housing comprising a face plate and a shell that is

individually matched to the shape of the anditory canal of a user. Manufacture of (he [ace plate includes al least one antomatic
processing step based on data from a CAD/CAM model of the hearing aid housing. For example, data relating to the circumference
of the face plate may be provided to a numerically controlled machine that automatically cuts a separately manufactured face plate

B along the desired contour that matches the circumference of the corresponding shell. In another embodiment, the hearing aid housing
is manufactured with an integrated face plate. The invention further provides a hearing aid.
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so- W52 V8 y8. 46 y9 51 (a) O (b) (57) Abstract: The presga@mhnxggtion
relates to manufacturing of a hearing aid housing conprising a’face plate
and a shell that is individually matched to the shape of the auditory
canal of a user. Manufacture of the face plate includes at |east one

- automatic processing step based on data fr

“ hearing aid housing. For &%2@37&%5 Ad aﬂmmmmmlﬁ@mmm@ﬂml@ﬂmm@" O of
the face plate may be provided to a nunerically controlled machine that

aut omat i gdkshed: Cuts a separat el y manuf actykeyd 3&EmPlidt BrreiddoR NG b hechigsi red
cont our t-hatthonreteaty@es! &did repdrtaglinfe@p@nee odce Nolaen Cads e SHEREongopSiigladthe bekit

anot her entyerrerrsia 4ot b heari ng ai d hougrgrrackregdavirmd dClifedew t h an
integrated face plate. The invention further provides a hearing aid. 20 My
2005 WD 02/ 078233 A2
L~TTPENCEEErrrrrerrrerrreerrreerrreerrr et e e e e e ettt e e et e e e
1011111 Published: For two-|letter codes and other abbreviations, refer to
the "Guid- without international search report and to be republished ance
Not es on Codes andAbbrevi ati ons"appearing at the begin- upon receipt of
that report ping of each regular issue of the PCT Gazette. 20 May 2005 WO
02/ 078233 PCT/ EP02/ 03306 1 METHOD FOR THE PRODUCTI ON OF A HEARI NG Al D
HOUSI NG AND A HEARI NG AID The present invention generally relates to
hearing aids and to nethods for the manufacturing of 5 a hearing aid

housi ng. The invention nore specifically relates to the conputer. aided
design and nmanufacturing of a hearing aid housing. The invention stil
‘nmore specifically relates to nmanufacturing of a hearing aid housing that is
i ndividually matched to the shape of the auditory canal of a user. In US
5,487,012, a nethod is disclosed for manufacturing of a hearing aid housing
conprising 10 a hearing aid shell with an opening, and a face plate for
covering the opening. The shell is individually nmatched to the shape of
the auditory canal of a user. The nethod conprises the steps of a) direct
or indirect acquisition of the shape of the auditory canal to obtain
digital data representing the shape, b) conversion of the digital
representation of the shape into a nulti-




di mensi onal conputer nodel of the outer shape of the matchijpgy ds» and c)
~ conputer 15 controll ed production of the shell based on the data obtained
fromthe three-di nensional conputer nodel of the shell. US 5,487,012 does
not addresgddfanuf acturing of the face plate. BE 10110&9]9?0@05%6scl oses a
~system for making a soundproof plug. Thiis system conprises a nmeasuring
systemw th a scanni ng device for measurll ng the contours of the outer ear
passage. 20 The data fromthe scanner are fed via a data nenory circuit to
t he manuf act uri n machi ne. The manufacturing nmachine forns the flexible
pl ug di r ect | METHAR FORISHERPRVGHONGIA HEABING A TP TRIGANR AR
electrical c es and sound tubes for incorporating a vibration sensor,
used for comrunication. W99127755- Al discloses a hearing aid including a
facepl ate andhapremﬁtmbﬂ@ngdﬁpnpfela,&k alearing 2idbeid @ mbthods Bﬂeﬁmmifaineﬁgeﬂ e held

in togeth fast ner.s ch crews. .The f

“adapt or ?at POt mve[%nt@f%’?%g{‘: gashio e coﬁ’% Cﬁ om shel .
Only the admpmfnr:w@hgaxfehpasmg#ldub@smg Tﬂlhmvahaisitﬂlniﬁmspecﬁuhﬂymlalba ﬁon is silent
-regarding t EIEE\H i m es a
conpact - rmdtr}?a ngﬁ%gglg %é)]r;r%lrl P?\Jg]%h&m %ﬁ% Jd%gé&g%é Ofgiesé'iﬁdtlte i or
openi ng whi c%ﬂﬂ:?f@évered by a faceplate. The facepl ate has a recess with
engaging neans for a socket part of an electronic nmodule. 20 May 2005 2
It is an obj m]{syfﬁmm @Hﬁ@&ﬂﬁ&l@&lss’é&‘%rﬁﬁﬁ%@ﬂﬂh?gdﬂﬁ% ﬂdh&s@ﬁ%p?ﬂné ﬁrther
|rrproverrents of .the oyve-nentl o net_ho or actur)n a hearing
ai d housitg, %h"'@mglaﬁ]pﬂ‘%e‘é‘mt"gem%e £ &5° Pl fon £ RS T Peging: ffjé“ﬁﬂ facture of
the face pl aihmwdmymatchddta the aiapmjﬂﬁaﬁdmfycam&mwﬁhmmethbmem@ﬁasmat
invention to r %gg

mat ched housfeﬁgoft 2&: T Drtuh -égcrqg’gg!é]?%}rtlh e@ﬁiapa@{tﬁﬁ ‘F’IL'!'&EO“?&D8 (éb?an!(l) P of an
enbodi ment tmaqgnt@séxqtshapn\bémmm@ﬂ:fealmt#lmepaqsexmpmvfrmwhm:temtq» ia!tlltlon of the

space avai | aéaﬁl&sioﬂmmﬁpu&y%&e@mh&ﬁ&%mwtue@aascﬂﬁg &Hﬁ %d ERbphiGr eby
mnimzin he size of earin s a further object an

enbodi ne o‘T°ntl“r¥édHP@§‘é?ﬂ°fﬁ’?\§’§thP%g°‘E@eﬂﬁt"cﬂﬁaﬁﬁd fon thetgea-diBFosiopd design  and
manuf act ur i N@mPhterdndASDF i ghefl] UK WD dOsdTRId s @t hagdchyies siiRgakance.
Accordi ng to gne aspect of the present invention, there is provided a

met hod for c ?‘Ff‘)uter controll ed production of a hearing aid housing with a

face plate havi ng engagi ng neans for
BE 1010200-A discloses a system for making a soundproof plug, This system comprises a

measuring system with a scanning device for measuring the contours of the outer ear passage.
20  The data from the scanner are fed via a data memory circuit to the mammfaciuring machine. The

manufacturing machine fortns the flexible plug directly. The finished plug may be provided

with channels for electrical cables and sound tubes for incorporating a vibration sensor, used

for commmnnication.,

WO99/27755-A] discloses a hearing aid including a faceplate and a matching adaptor plate

25  below it. These plates are held in together by fasteners such as clips or screws. The faceplate
and adaptor plate are custom cut and {rimmed to seamless match a custom shell. Only the
adaptor plate is glued to the shell. This publication is silent regarding the manufacturing of the
shell.

30 'WO98/47319-Al discloses a compact modular hearing aid comprising a hollow plug with an
exterior opening which is covered by a faceplate. The faceplate has a recess with engaging

means for a socket part of an electronic modnle.




receiving and holding a hearing aid conponent, and a shell Jfhaty bgosmat ched
to the auditory canal of a user, conprising the steps of. ach¥r|ng dat a
representing the shape of the auditory <canal, formng, in a conmputer and
based on the data, a three-dinensional 2wdel of the shell including a
shell junction contour encircling the shell for positioning of a junction
between the hearing aid shell and the face plate, and shell positioning
means, formng a face plate nodel including a face plate junction contour
adapt ed f or tiear@Ricsigt thunbspisent theprrsent Bixentiontogvids Autherimprovemeas ef thosi t i oni ng
neans adapt eghvi-RenRRSREING f&r%n@fﬁ@lh’lng Bp§ﬁetaﬁm1ﬂgmm imﬂ?&gﬁt&ﬁé ng the

shel |l based on the shell nodel, and %éOdUCIng the face plate based on the

face plate FRI|t autospation efithpgnanpfagivre phtbe fagsPeet of the present invention,
there is provided a hearing aid for insertion in the auditory canal,

conpri si Ng amReidss i Ghjevk 6f AN QMBddREenWIE PreRnSRRhion38 fhrBer hAGR1PURiR ana t he shel |
havi ng been produced accordi ng to a three-dinensional nodel of the shell

i ncl udi ng aProfustiet sigKiyHsschedhewsingy of inghe-srebearngajdsf or posi ti oning of a
junction between the hearing aid shell and the face plate and shell

posi ti oni ngItAeABGer obfebtlof S dibod@imE BieGrdién@inOdnyibi RFactiREdUPHAMA utiliAodf @Ce  pl ate
havi ng been_produce; ceordi ng to a face plate nodel i ncluding a face plate
junction cBfeRseevaleRlsin e pusionrginahang i the et fasthersby minipigie the sEseltbeand f ace
pl at e posith@fhgwgd.means for engaging with the positioning neans of the
shell so that the face plate circunference matches the shell junction

posi £1 ont g i S8eaFudaiaen shbaneda RERGr T RGN SR REOERRER of ¢ he
i nvention, aeEigifatndthgpRnhdaacd 4id Wittt dfmdtbatbanepeaie. | ncl udes at | east
one automati c processing step based on data fromthe nodel of the hearing

aid housing whereby the face plate is autonmaticall factured to fit
the heari nggﬁ“i‘)ﬂﬁ?ﬁ%ﬁéas‘i—egr(’?&'&%f‘f’ﬁ‘ ‘8?“]‘%@"?‘]663@‘%‘6‘%9 8&g88£%écom§t%e provi ded
to af nu tmsri gzm#rbl}ed@@ﬂtatﬁeh biachedring bidme%stnlgaﬁt? ﬁazuk pmtathi;]\e@g dtnyagmg_tnﬁearatf@epar at teI y
manuf act ured f.ace e along a, contour a ches e . junction contour.
Various met T?S%Vsm%ﬁ‘n%glfhgg #??Fﬁ%al%‘_ﬁom&%fm’ ?ﬁ%@hflﬁgat%aﬁ@e‘gﬁo ﬂ%’ﬁ@ﬁ’?’, “such as an
ear i npr esscansl,of a afet colrisink the Wapsioft atdueringldkta rdpRbatiig (hadhhmiof Ok apixsiyt | on of a
point on a surface of an objec e perforned b V] a nechani cal
vt ce 1 n o 0t HEEE i T Pi HOPHE cndfe e Batfiirg oria el iy o

-mechani cal meludiggs shell jufiction Séngr Eciedingthel slivll f& poR@MmIbg oNYjunm@icbedeeeh @il Ng

scal es on nl‘l)e\zlnl'ir?ggaid Jﬂgﬁ gnscl'mezigce'\p!%}é, azn(agl?ell positioning means, forming a face plate model

including a face plate junction contour adapted for matching the shell junction contour and

face plate positioning means adapted for engaging the shell positioning means, producing the

shell based on the shell model, and producing the face plate based on the face plate model.

. According to another aspect of the present invention, there is provided a hearing aid for
insertion in the auditory canal, comprising a hearing aid housing with a shell and a face plate,

- the shell having been produced according to a three-dimensional model of the shell including a
junction contour encircling the shell for positioning of a junction between the hearing aid shell
and the face plate and shell positioning means, utilising a rapid prototyping technique, the face
plate having been produced according to a face plate model including a face plate junction
contour adapted for matching the shell junction contour and face plate positioning means for
engaging with the positioning means of the shell so that the face plate circumference matches
the shell junction contour when the face plate positioning means engage with the shell

positioning means.




WO 02/ 078233 PCT/ EP02/ 03306 3 In non-contact neasurenents,nongs) bo@ns of
points on the surface of an object may be determned by transmtting one
or nore beans of radiated energy towards the object and detecting radiated
energy that has interacted with arbitra@ay parts of the object. The radi ated
energy may be of any form such as ultrasound radiation, sound radiation,

5 el ectromagnetic radiation of any frequency, such as radiation of X-rays,
gama rays, ultraviolet |i visible light, infrared light, far infrared
radi ation, Umes fesefiag fogn em meawféhq I@ﬁmwneq?eelgn wdmapethosuring gf the faeplats uch as
radi ation OfncRh&GH eRNshe aﬁ\@xﬁétfc%ﬂﬁess ik B agﬁ oh i} £ 12 hfodel F fie hekhify AP €CT,

the shape of which is to be determ ne interact wwth the radi ated
energy by Peppeshely, hefagepliias somagealy Ff&t'ﬁltf?qfkgedd? fitheksptinernid elbFey or by
any combi natziaﬂiﬂlehﬁﬁ&igﬁ confblr fa0mdSp8 PIVRed 18 a hﬁﬁéﬁ&alm)fntﬁ)m mAhik Agar 1ight
beam t owards the object under neasurenent, and a  video canera with a CCD
chip may be 3‘H?m4ti°§b((f“‘§ B Sed@?@’é’ﬂnap‘?fwreﬁﬁa?efwlvgIﬁéﬁf}t@é thatmatehenthe he  sur f ace
of the obj eghetiohl6ilour,POSI tions of points of the surface of the object
reflecting the i ght beam are determ ned by triangulation met hods. The
beamis swe across the surface of  the object e.g. by a novable mrror.

15 The shap a%(fus grthegsjobdaterminine oy acguifes Hetharafila é@ﬁwﬁus}rﬁsam BAT URRIPSSIOY Of

el ectronic &awem aﬁ)wnm@:mqbdte%ﬁ&aﬂoﬁoﬁphﬁﬁbnloﬂm&?&ﬁf#acbyfaaoﬁ&tmwbel ncoher ent
| i ght source such as light bulbs, emttin substantially white light in

al | dlrectlaﬁ@“n bF@W%ﬂ%W%WW%Fﬂ@aﬁﬁﬂﬁ§”ﬁﬁ¥ t gdssedinpherasifon el ation to
each other @eectiafichl U8i@el ehRLc PRl ARy kil Mvink schRSorSHéigces of the
obj ect by trlangulatlon nmet hods. 20 When the shape of the auditory canal

i s acquiredPBY- scanning of the canal itself, dynamic recording of the

audi tory canal may be perforned. Since the shape of the auditory canal
changes as a result of speaking, eating, drinking etc, this nmethod of
acquiring the shape of the auditory canal provides data which vary in tine
wher eby such shape changes can al so be taken into consideration during
manuf acture of the corresponding hearing aid housing. 25 Alternatively, a
plurality of inpressions maybe made of the auditory canal with the jaw in
vari ous respective positions in order to acconmpdate shape changes of the
auditory canal. For exanple, two inpressions nmay be nmade nanely one with
cl osed nmouth and one with open nouth. Having acquired digital data
representing the shape of the auditory canal and a part of the outer 30
ear, these data may be further mani pul ated according to well-known nethods
of CAD/ CAM




" nodel of

(i.e. Conputer A ded Design/Conputer A ded Manufacturing) SPNIHNB0ISO desi gn
and produce a 20 May 2005 4 hearing aid housing, e. g. includi'ng formng a
t hr ee- di nensi onal nodel of the shape of the hearing aid shell. Further,

t he. nodel (%/Plzbe di spl ayed on a conputer screen in various three-

- di nensi onal"&&{%and t wo- di nensi onal cross-sections, aReTVERROBE aut omatic
and operator controlled functions, incPuding the functlons descri bed
herein, for adjustnment of the model may be provided by a CAD CAM system

. Thus, according to an enbodi nent of the present invention, a CAD CAM system
is provided Igon-ceftast igerstariapntrenveificrs pipoatsoh the siréer ¢fag olbectimidwsi ng wWith a
face plate apglRinsd danidifthe an%opﬁsﬁbgaﬁukﬂamémn g,% mEpd an@f @ user,

conprising a_processor that is adapted to receiv rocess dat a
repr esent i ngdtarinespE¥ed ey Hy basupterpesed witharbitrary mags ‘Pﬁﬂﬁg’bﬁcﬁ hr ee- di mensi onal

nodel of the shell based on the data, and outputting data representing the
nodel for pr Whtredidta@irenafy iiyebehalylformndch 4shktrafoasiraqitah eod sattian t he nodel .

Two identica fromthe.acquipted digital data, i. e. a
Ll%%ﬁ%? §uc@§%a§§§?§a§%€%§%ﬁ Smé M réa‘?'f?h 9]9 H(ﬁags ‘Sut e ear, and a nodel
of the h ear i Mtyavadied llslﬁedlﬂlble Tpht infrerd@ light ffarmﬁ@red sudidiidnoVEIF cdiatidn, Hﬁmdlatinsl

unchanged whig %mha@ram@o%, subf astBHBER" k&ﬂn@h&um%ﬁm-wd&eaé W ect to

modi fi cations and additions of various fedtures as W l[ be described bel ow
The nodel s a i ngui shabl e colors, and the shell may
be di spl ayed r?@?tt‘g%ri’ia ‘%Wg f’a’ﬁiﬂc{iﬂ %ﬁ%iymw“f%f?%fa%ﬁaf@%l@ Y pur poses,
t he nodel of reflétging diattmg, \dithamag orABeprbig ekl Byl chfitamsipeitessof | Y.  Upon

formati on of the three-dinmensional nodel of the hearing aid shell, a
contour @AC bk, Jﬂﬁrﬁﬂﬁéﬁt myarhg,tﬁé.}n%&a@& tﬁe%,ea%aap As@Bm@f, afad UNCti on
bet ween the hearing aid

face % at e ata representing
the sel ect ed"‘ﬁ?r‘f&‘%"frﬁ)ﬂ-‘ﬂbﬁﬁ@%‘f‘f’ R PeryBlizgd tosletsst Hel d*fﬁ’fe@fféﬂeéﬁﬁ fomfhse  j unction
contour is asuph@BEthe Hjéca Then, ﬁ\eﬁ&mfﬁk@uﬁat@@umadnerwﬁ&uafecﬂn@&cm@m_enti on,

t he shel | i's, rod cedb na r m wi th an
out war d openleﬁg TEPTREY Y/g’taﬁ%ﬁa&m Etr&g %E&ﬁ?%ﬂff“xtﬁcrﬁsﬁgl gl%pﬁag%o nt of the
‘invention thdojqctnmbymmowbhmm data are transferred to a numerically
controll ed machine that automatically cuts a separ at el y manuf actured face

_plbate alt ﬁf‘g @he%?dﬁ&@%ob%&i%yﬂﬁitﬁh@c&nﬁﬂé@wﬁﬂ@ﬁlﬁ camé'gsl 'TEeﬂtlt ﬁned |
above, the juyncti ont ou | ane “confour ¢ i bl.e wi a pl ane
face plate. ‘%Lh g‘ﬁ‘é’? ‘?H}fgtc?g hﬁ*&ﬁ‘?uf‘ie%ﬁ’imﬂ@wﬁg‘nﬁ‘ébsfe&m%gagl ng with

correspondi rkgbspma]mm hglt mmnaimnmﬁ A Preralkith of damaas ithainowihgosidonsdnnt er ence of
the face pl Aefin bR gaﬁf%thér% ulselﬂq ée{ Oin& goglgnor%rof ;())Jmts of the surfaces of the object by

triangulation methods.

20  When the shape of the auditory canal is acquired by scanning of the canal itself, dynamic
recording of the auditory canal may be performed. Since the shape of the anditory canal
changes as a result of speaking, eating, drinking ete, this method of acquiring the shape of the
auditory canal provides data which vary in time whereby such shape changes can also be taken

into consideration during manufacture of the corresponding hearing aid housing.

25  Alternatively, a plurality of impressions may be made of the auditory canal with the jaw in
various tespective positions in order o accommodate shape changes of the anditory canal. For
example, two impressions may be made namely one with closed mouth and one with open

mouth,

Having acquired digital data representing the shape of the auditory canal and a part of the outer
30  ear, these data may be further manipulated according to well-known mefhods of CAD/CAM
(i.e. Computer Aided Design/Computer Aided Manufacturing) systems to design and produce a




t he shell when the face plate positioning nmeans engage wt Oé\tié‘yﬁlﬁ”
positioning neans. 20 May 2005 WO 02/078233 PCT/ EP02/ 0330 In a
preferred enbodi nent, the face plate positioning neans conprises at | east
one face plate protrusion at the inner4 surface of the face plate, and the
shel | positioning neans conprises indentations that are adapted to receive
and match the at | east one face plate protrusion. The face plate is cut

along the junction contour so that it matches the junction contour when the
at 5 | easthegiing sfdhousipg, 1% inghuding fpsining a ghrec-dimensiopd anoggl of e shame piibe

i.ndent at i Oxﬂe§r1 falcf- s'B@Il %Gx%{el' tﬂmgd%ﬁ}{ay tfé%'isﬁﬁ?éd oﬂﬁ%&mt% s&%en 15' @ar{oﬁsctﬁregl ate and

the shell 1s facilitated. In another enbodi nent ace plate positioning
means conphingsipngviewa anst twerdandngiorsal prlogstsectiops, endaspusautgmatidead opamder sur f ace of

the face ploatdiel ﬁfn@ﬁdﬂ?%cﬂﬂm@tthetﬂ}xﬁ:ngﬁsrdgééﬁfa&lrh%f%ﬁlefo?fz Jﬁﬁslaﬁenﬁaﬁ e mBde ﬁ@ at a

di stance fromthe circunferénce that is substantially equa to
t hi ckness h?fpfqufbdbhépwml\étsyst% junction contour. The shell positioning
means conprises the shell at the junction contour. The face plate is out

al ong the T GecoRIheCOM LibdiReht bP@L predentTRhES émdwg&eeﬂrg HQR@ 8 When the
ends of the at |east one face plate protrusion abut the corresponding part

of the i nrfistienapd mgpgagiyre of hheagngaif houping vEh@|face plig W@ﬁhqi’ghﬁmﬁch?éw further

conpri se ﬂﬁ@id’dﬁ&br‘é&}ﬁl @fta &&ecdnl—ﬂ?igﬁlk 9?1-&&@51%& is a@ah QNG kR Givi smﬁweéé d@War ds
the interior of the shell for recéption and i ng corresFon ing 15 face

. plate pr otrﬁmgﬁ%tﬁlg thf@haqfé) theiandiFsY epnal, foxnigs 98??9(‘?1@@13&“&1&“@& efdhashelbeni ng i n

the face Nagla@nhigdalal ;@touisgmhgaﬁa ;epfe@enaﬂgthe &%Ha\féflpr&mct%nbmﬂe%ﬁen 4y be
selected and included in the face plate nodel. Based on the nodel, the

openi ng nebe e Prpbrseder huredht i cal l'y during production utilizing a
nunerically controlled working machine. 20 In a simlar way, at |east one

ni cr ophoner@RiROmbR)Gy BE a)vlhamblﬂ fe adaﬁra‘d@fgaaxrala@tlee a ndadBohORkigEDOodi ment
of the present invention, the hearijng housi ng i s manufactured with an

i nt egr at ed2higlugingg gart Oﬂli‘é O?tﬁteérg i’%‘taé’éPdFIé’é e pragippard delhchhe medel a5they part of

the surfacediRly dafi rdtfafl bitfangbdwhiRUiR iclldd ik helAESaid SRl R bEAbedl® Shape of
t he audltory canal of the user; rather, it defines a termnation of the 25

hearing ai®PoHisHoPHEIrettaRy ofvyEous fafuss ATV deseribesh Relors I Rdsh mayde hear i ng

ai d_housi nfkpia§ed ih ARBAGRHHINCAAS, aRH th LIRS AlsplafdavhsHad M,thetala@at&fce plate
is integrated when at |east a glart of the face plate and the shell are

produced Bt 43 ehrepypgses thegrodd ebthpauditory pealmge de grrltved rpsgesindy-t o be
i nt egrat ed when t he
Upon formation of the three-dimensional model of the 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 selected junction contour may be determined. Preferably, the

Junction contour is a plane contour.

According to an embodiment of the invention, the shell is produced based on the model and

inay be terminated with an outward opening defined by the junction contour.

In one embodiment of the invention the junction contour data are transferred to a numerically
controlled machine that automatically cuts a separately manufactured face plate along a contour
- that matches the junction contour. As mentioned above, the junction contour may be a plane

contour compatible with a plane face plate.

The face plate may comprise positioning means for engaging with corresponding positioning
means of the shell so that the circumference of the face plate matches the junction contour of

the shell when the face plate positioning means engage with the shell positioning means.




joining of the face plate to the shell along the junction QOMIAUIO0SS
produced together with the 30 shell, i.e. during production of 'the shel

the joining of the face plate to the shell is inherently perfornmed. 20 My
2005 WO 02/078233 PCT/ EP02/ 03306 6 According to a preferred enbodi nent of
the i nvent YOY%2Pnr ee- di mensi onal nodel of the face pPEYEPRE3PGr med t hat

. mat ches the sel ected junction contour, and the face pl ate nodel and the
shel | nodel are conbined into one three-di nensi onal nodel of the hearing
aid hou5|ng Based on the conbined nodel, a hearing aid housing with an

i nt egr at ed fE@émﬁﬁﬁé@mméﬂﬁmb@a@éﬂﬂﬁ@mngﬁqunwmﬁ@mnyﬂaﬁkaﬁmuﬁppghmtyp|ng

techni que, spehusRf at&ﬁ@ﬁ&pmrfa&%ﬁaaﬁbyplaté me s‘ﬁumo%bﬂi&%me‘ahk%@ﬂpm&epos' tion
nodel i ng, drop deposition printin rese es in inting etc. As

ment i oned abBdRetfYE hatgze Pfeqtﬁf%‘?j?%@ﬁa?%‘éatbqa%t"%ega“é‘*ﬂ’& oA R ons, and
posi tion of ﬂﬁbpla@dlemtﬁbngmeﬁlhtﬁoiﬂhﬁﬂfsaﬁﬂﬁtﬁ:ﬂ&ﬁs(ﬁéjﬁﬁ@ioﬁ&ﬁhﬁﬂ\ﬂ@ﬁﬁ@@ insertion

and renoval sel £et ed and cI ude n e face plate
- nodel tha l%as One?aﬁ ?lamércﬁ%"é‘&mrﬁe’tv yﬂﬁd%t’?ﬁgm @3‘? °€ ﬁhﬂ{‘ghe’é&?‘n | ar way,
at | east onecm@n@méﬂmdmlphgmwadhellqsfa@ﬂatacbéd inthe integrated face
plate. Directional characteristics of two m crophones positioned at a

first and a BQAARHMRHRNED feo 2R las&:mgnﬁemecgﬁu%@!a)e1eas@ﬁmtf&@ @i | east one
m cr ophone openi ngs may be cal cul a and first second p05|t| ons of

the respecti for &the i Pngr Wgfacs qhthy H%?W@%Wﬁﬁﬁ@%“ﬁ#ﬁe%@f@é %8t ed that
correspond t@ataatd @Bian@drogh thetitrniferadce thikds @m&ﬂimteq‘m to tHaahiCadsC bl tRd sh@INS Ay

i ncl ude a of t ut er..ear

det er mi ntu?l oaﬁﬁlofrﬁl %f 16 3 %:]e:[% ?)gl osmo%urlgr%egﬁgwﬂ?ﬂsﬁs %ﬁ%l {1"6{}@ Junﬁtéor?af”%wf’he face
pl ate may halhe f@ngiatgusmgt amaﬁlsfﬁfnmonlcm;‘mﬂmgltamuhdadieohnmg:naodnmawhwghial d
conponent ,. é’iﬁ%f@ae@ﬁ%lon@?ac&ﬁl@ce %Eh%tﬁ?@@d?ésﬁ%ﬁa&ngt}ﬁnbﬁﬁi&@?gﬂa&&he face

plate nodel that_in tamis _1nc in the hearing aid housing nodel so
that the int®yPet g@@%@sﬁpwwmw@m SR FEOLUSICIE Al REO R agi ng
means, e. (. d}l&hd]@ iwdrdlp kothafds OF Dikayipi of Ghe CIRE R irdibifion 4 HORR: eorlegEhant of the
i nventi opil_ ace %%rFPl at.e is separately manufactured including a battery
openi ng he™s Fy imanuf actured plate may al so conprise the engagi ng
means. Then, the shell of the hearing aid housing is produced attached to
or abutti ng e Pmensiens. andposiiiayof g bajtery gprnihe infhofaestplati facilitating freiréppand | ayer by
| ayer, the frhséehi dfa}SQ:fer)Qﬁay%E Qéié’éteﬁﬁ‘a:ﬁtzﬁcﬁlﬂe@ﬁ tht BfRe SINE hloded Wake@ WML RHaRS t he
battery operlhn al on heé{ﬁﬂew ous sel ected junction contour of the
hearing aid H’?Fgmg’ be Rro ‘W@F’“ gRipdugforuilizing APIRERR, only a part
of the face phtaillel wakihgichedhipet he battery

©

20  Ina simflar way, at least one microphone opening may be provided in the face plate.

In another embodiment of the present invention, the hearing aid housing is manufactured with

an integrated face plate.

The integrated face plate is defined as a part of the surface of the hearing aid housing that does
not match the shape of the anditory canal of the user; rather, it defines a termination of the

*25  hearing aid housing facing the surroundings of the user when the hearing aid honsing is
inserted in the auditory canal.

Obviousty, the face plate is integrated when at least a part of the face plate and the shell are
produced together as one unit. For example, the face plate is said to be integrated. when the
joining of the face plate to the shell along the junction cantour is produced together with the

30 shell, i.e. during production of the shell the joining of the face plate to the shell is inherently
performed.




opening is separately manufactured. The circunference of thg gg;%
included in the hearing aid housing nodel, and the hearlng al ousing is
produced with an integrated face plate attached to or abutting the
separately manufactured part |ayer by layer, the first |layer abutting 30

t he circunW@ldf®d33of the part. Alternatively, the shel | PEHRN0336¢ ned
starting with the end opposing the faceé plate and when the integrated face
pl ate has been forned termnating with an 20 May 2005 WD 02/078233

PCTI EP0O2/ 03306 7 opening having a circunference matching the

circunfer enCﬁccoﬂﬁng&hﬁpr@tﬁpﬂrcmbﬁnyenpﬁﬁﬂﬂﬁmdmpﬁd’thre@ﬂlmeﬁsfbﬂalftmd@Oifﬂlfaﬂa® t he part
IS positi One&aée% f&ﬂﬁdﬁ %EM}& ffe!!; edidd d&n%t‘?o&%ﬁﬁlmﬁt%&ﬁah?age 185 o1 RGR! ng.

Furt her, one“or nore in parall el
in a batch ushell psedeheye cq&rdqmeéim’p’r@ﬁ @rﬂyﬂlnwgsw@bmﬁekﬂié@heﬂﬁ% m@k‘&ﬁﬁ Based pat ch

plate may be,s@padndided ﬁﬁodEﬁQ uéaﬁﬁgm&ﬂsﬁég wlehqnlﬁgeg%a@ace bide@ grdacefec.doat tery
openi ngs correspondl ng to a plurality of hearing aid hOUSI-fr:‘%ifj‘é he batch
i ngs

pl ate may’al E%E%ﬁﬁ\ﬂdé’épt%ﬁé?ch@qm?@sétﬁm?wgﬁ r ofFgSIRtFTHRe Then,
at each of b&hesiiatdoasins GRS EEFEiGoBprBiag (fesdniblel Qik et grintinfpetd. i 1 St Iayer
surroundi ng the respecti ve . battery openi ng along the junction contour of

t he respechxg h%% qgﬁvgrogthggw# ureccfaplﬁag%"gh%e ﬁ@ﬁn@“’?acﬁpm lkglity of the

above- nmenti ohe separ ate are

posi ti oned 1@6!11%&*ﬂveaﬁmatﬁrfme@h?@%hww@WPV*lb‘érﬁé?PtFﬂé’lﬂ%ﬁuf acture of

a plurality &iec@@ﬁfd'ﬁ&ﬁdé&ﬂm@@dé«@%lﬁkgﬁmde!ﬁlab?s faaes Phetudbalid &8 Mugng OB provi ded
in the prot otyp| ng apparatus w th positioning nmeans for accurately

'rece|V|n e parts i.n precisely kno S|t|on E h of the
parts ma g‘ Fﬂgfﬁ dafaﬁﬂffﬁﬂ B‘P §iF9 ’ﬁg’ ogfre tf??ealcrratch t he
positioning neans of the fixture. 15 The separ atel y manuf actur ed face
plate or par Piretionshdangesistios obive mitrobence brsiyiored et afint apbmreinmiszarhac of netal ,
such as spri &Qﬁln%%sge%m gam%am%t bilc Sidrophbperlz® S beAlbullt@f, MHaad 8na €t C. The

hearing aid na I hearin ald conpri si a heari d housi ng

and an el ecfeF‘B’Hlpemi‘?Bﬂ‘lflﬂE TRV R satond mier E%Ppeg’r'i‘é“ﬁ*i g’? 6%“%3? a si gnal

. processor, aﬂdre@oﬁcﬂﬁeﬂ&s&diddued’nmhdbéﬁﬁcﬂmﬁm& memraummydclmmmm@cofﬁhce heari ng
~aid housipg L se fac . a e fined
therein fgr gsrseggeeg of " a Beeh a tdqn dgtep ﬁelgoefl%leﬁc gﬁtlt%e%a%&%k%% er, the

hearing aid hﬂ@@l& ng conpri ses engagi ng neans for receiving and renovably

hol ding the socket. It is an inportant advantage of the nodul ar hearing

aid that therr@eheHG hivedibagndRnder reémva@aih&m Helvtng A@@brftgerdi d Wi t hout

dareg 10 {1 S ) KAl ST A0 TSSO RIS 7 00veS

inchuded in the hearing aid housing model so that the integrated face plate may be

20  manufaciured with the engaging means, e.g. using a rapid prototyping technigue.

In one embodiment of the invention, a face plate is separately manufactured including a batiery
opening. The separately manufactured plate may also comprise the engaging means. Then, the
shell of the hearing 2id housing is produced attached to or abuiting the plate, e.g. vsing a rapid
prototyping techuique, layer by layer, the first layer or cross-section of the shell surrounding

25  the battery opening along the previously selected junction contour of the hearing aid housing.

In another embodiment of the invention, only a part of the face plate including the battery

opening is separately manufactured. The circumference of the part is inchuded in the hearing

aid housing model, and the hearing aid housing is produced with an integrated face plate

attached to or abutiing the separately manufaciured part layer by layer, the first layer abutting
30  the circumference of the part. Alternatively, the shell may be formed starting with the end

opposing the face plate and when the integrated face plate has been formed terminating with an




25 operating socket engaging neans forned on the socket. The Maek®is
engagi ng nmeans may conprise elastically resilient lugs. The |ugs may be
integrated with battery termnals projecting fromthe socket. Shape,

di mensi on, osition of an acoustic output opening in the hearing aid
shel | for r&ﬂ%ﬁ155|on of sound fromthe hearing aid tBwWEFHZPHE tynpanic
menbrane nay be selected 30 and included in the shell nodel. 20 May 2005
WO 02/ 078233 PCT/ EP02/ 03306 8 Displaying the nodel of the hearing aid
housing inserted in the auditory canal nodel may facilitate selection of a
posigion OL @gﬂmgﬁﬁh§ihﬁmﬁmﬁﬁmamﬂﬁm%ﬁﬁg?ﬁﬁﬁ%ﬁ&hﬁuheqﬁmhpqhmmpephnglenLts
sound in the n_of. a l.ongitudi na tory canal thus,
nmi.ni ni zi ng tqﬁ%%a?epiﬁ% glf"p ’ﬁgos&?%d’frg ngﬁ%@égﬁlfatnl ﬁtga%?gﬁon PoWar ds a wal | of
the auditory canal or even being partially 5 or entirely occluded by an
audi tory canBthegednp or e hearivgpidhonsines mpkarhamgfaciired inowsichig abatialdE ed wit h

an integrat gy ﬁ%tybﬁg teaﬁlq%&aﬁd}%i tpiépmtchi:ﬁ{e&m& b@éapmtelﬁmaﬂafa@@redl mensi onal

nodel of the hearin housi ng i ncl ud quﬁ excl udi ng the
“face plat®, igclykgs @%@bgf@w&fwsgﬁr@wgn%ﬁt%mww PEgib g Bhannel i s

- intended tore»heshate ﬂihsealsbeaﬁapﬂsasﬂgmgmgamﬂrwmeHaymg:@mmmgsmm atdatle With a
uni form or forn1cro t | ong_th N th.of the channel.
The cross- se%@?g’ Of PP 58&1% g’rﬁﬁcﬁ%ﬁa €l Ou‘m%f%e Pecé‘ﬁ%/ba#%rﬁm such as a
circul ar, soppening alung Gt gunglidnapgtons ebhmmﬁawhmﬂghﬂh@m lomthesexample.a The
shape —and dj s%by&ﬁﬁﬁoﬁmgaﬁ }n%fagtlal%ﬁ ngzﬁls 0%91%& pige&atre PRiignd of the

ventil ati on channel dEeCI . as is well-known
f r om CADACANPS W%OWPWSMW e&mw&c@w&f ? @H@lﬁﬁ °%Heafﬂ$é1délﬁ‘<’a?ﬁ‘ﬁ%l The
shel | wal |l nmy b&@ﬁﬁtﬂxhbgrﬂay%e Prdtilledh thé HGtolyping a@ﬁraﬁlhﬁﬂh]{ﬁmﬂﬁﬂiglﬂmaislf&ﬂ channel .
Dat a representh the gq@ $ E@g vent|I tion %Ea Em% #£ the hearing ald
shel | opposi ¥&"t “?%. fl Ay Ene pe PSR AP TR OV R R vy

aut omat i cal 1 pmddimﬂrbowe&pbndmgm&mmg bzt thatmagh dimpediticope memg of tBur t her, t he
position'anqﬁ&ﬂg geonetry of the ventilation channel opening in the face

pl ate may be automatically cal cul at ed facilitating automatic production of
-the face plate with the ventj|ation channel open or .the acoustic
out put ohgmﬂigsepaﬁa@ AT iﬁ““fdrfécerﬂﬁ"&é’lfp"liff°ff]ﬁéacﬁ@%P‘ﬁ’gmgf’lateﬁﬁﬂ%‘l”ﬁﬁlﬂ erted in
t he audi t or yofe@nn buchedptingdpsastically dediliet [€ys Sitcricdl kedmingf, e@. posi ti on of the

shell ventilation channel opening so that it points in the direction of a

| ongi tudi na'nﬁ&ﬁmg;xaw}eb@a%aaﬁméa&%@ﬂ'm& Hite o ne 4 bl liGo 11 Sk OF the.
ventil ation annel output openin el n or entirel V.
: electronic module W1t]1a socket, at least one mlcruphone as1gna processor, and a recéiver

enclosed in the hearing aid housing. The hearing aid housing comprises a face plate having a

20  battery opening defined therein for passage of a battery and the electronic module. Further, the
hearing aid housing comprises engaging means for receiving and removably holding the socket.
Itis an important advantage of the modular hearing aid that the eleetronic module may be

removed from the hearing aid without damaging the hearing aid housing.

The engaging means may comprise grooves, tracks and/or notches for engagement with co-

25  operating socket engaging means formed on the socket.
The socket engaging means may coraprise elastically resilient lugs.
The lugs may be integrated with battery terminals projecting from the socket.

Shape, dimension, and position of an acoustic output opening in the hearing aid sheil for
transmission of sound from the hearing aid towards the tympanic membrane may be selected

30  and included in the shell model.




occl uded 'by an auditory canal wall. 25 Either or both of t %ﬁwl c
out put opening and the ventilation channel opening may be “adapted to

recei ve and hold an ear wax guard. The openings and the ear wax guard nay
be of the types disclosed in WO 00103561. A pipe stub maybe fornmed in the
produced sWO0RO78ER¥t ending i nwardly in the shell and for AHEPYOBOEhi ng for
insertion of the ear wax guard. A recess may be fornmed in the shell
covering an area around the opening and matching a collar of 30 the ear wax
guard or, matching a collar of a bushing to be inserted in the opening for

recei ving apgpialyGienhdbivg ihe Barivbaia Biahknscftiogh M aditdty il dodbihagkness i s
formation Qf a vvetsfl; ar ea of the shell.

mai nt ai ned a}; ﬁiéﬁhei‘“ﬁeces to.avoj

20 May 2005 TRGHESFGSHSS 4 PRSEuPP BHEICESH0R Ryt OPFRES Lt e PHIRFE B5™ Bt Bdiced with
a nmeans for soogristhe dinectidosd n innpigdmsispe nshamdioky dahad thoe eddimizing theork ofexanpl e,

the shell ' . o M ' resilient
Straps. that eoie ks AP <otpl 8lSs i of BE Bl Sl liRLAMIER"
absor bi ng3 suypetindy easludéd by ayditergcapekwalll n anot her enbodi ment, the shel |
conpri ses a chanber or protrusions for receiving and holding 5 the

L ecei ver, anlé!rai_a;tabw,@fﬁﬁfearﬁ@@idmaﬁiqg hs@%du%awdhﬁﬂm@gatad@ﬁﬂmohh@pm@wer hand
aving protruysians r upportin suspendi ng the receiver in the
Chanber " TheloGiRErt o e P OREb ot S Urash ol g ar e po R, e

sel ectivel y ésstimpibeticegatd, b aith tlyebe sdoradeDpowitcinte veetiationghaandlissiveldéd exerts a
pressure on LG GUAlL 0l ARnd b8 WS Rk R # Btolm behon hlIRERLEL. 11 L he

er Ions may b ormy

audi tory canal. The out di nmens e uni 1y increased over the
entire 100 sufeptize alorgrthe Iegtsfée|changsl. T erossispasion efchecaniation ghapnsl myda et d

gradual l y al iR, slldl@'w|aEk@laﬂ@&ua@¥ﬂe%qt@ﬁlarakﬂﬁllg§lﬁ_eM‘htrﬁﬂd t:&}ggrst, ¥E:IHe Stajbel : e or no
pressure is exerted on tissue residing dee [ e..audi f ory anal .

Al Cor nat 1 vl =g oh b gion el oA of b ewiay st wBased a

- sel' ect ed ar emsy tokpecifibbmainglyl . us k svelbknoevn GromfCAHE A sgstamisanp et vayy or ful |y

-encircling tg&ér‘]‘%@"r’l&%?’f é\gmﬁﬂl?%e shhﬂéfa[llrd;n? co&ﬁtgi}éiag%p&ﬂ% ailgpl.rhe seal agai nst

the auditory cdnal en the s Is inserted inthe auditory 15
canal . Fuf t hesetilatign chagpel disfaepresentipg e onveiys Hahesenidztipeehapiship theeasingldd al ong t he
su { f age of ltJisaz @?ﬁh& th@ﬂl?e pite ks meggfeﬂiau&llhﬁésmémﬁw felhaﬁﬁ’mﬁtﬂﬁﬂ)f;ﬂ?ﬁiuqu wimgr oove
ext endi ng al on e contour may. be included jn the e ving a
cross-sect i otﬁ"’%“@W“&CE%%@%W&%H%@P%?WH% e%f’ﬁ{“f:tﬁ’r% 8%‘1“%3‘6“ ti ght eni ng
ring to be dmineitopshinghin thheacppiaemsetst aslambtlcallycnledhtedehdilitbting @btympatichat i s
adapted for %ﬁ&%ﬁ%tﬁﬂg@fﬁﬁ”ﬁ%%ﬁ 20 & nal ?];BJL-H different fromthe
Fhe“shel T, “the ec}

mat eri al of deposi materral” constituting a

20 As for the acoustic output opening, displaying the model of the hearing aid housing inserted in
the auditory canal model may facilitate selection of a position of the shell ventilation channel
opeuning so that it points in the direction of a longitudinal axis of the auditory canal thwus,
minimizing the risk of the ventilation channel output opening being partially or entitely

occluded by an auditory canal wall.

25  Fither or both of the acoustic output opening and the ventilation channel opening may be
adapted to receive and hold an ear wax guard. The openings and the ear wax gnard may be of
the types discloseﬁ in WO 00/03561. A pipe stub may be formed in the produced sheil
extending inwardly in the shell and forming a bushing for insertion of the ear wax gnard. A
recess may be formed in the shell covering an area around the opening and matching a collar of

3¢ the ear wax guard or, matching a collar of a bushing to be inserted in the opening for receiving
and holding the ear wax guard. Preferably, wall thickness is maintained at the recess to avoid

formation of a weak area of the shell.




tightening protrusion. The tightening protrusion or the ti g\ fwsring
provi des an appropriate and secure tightening of the shell to the auditory
canal when the shell is nmounted in the auditory canal. If the hearing aid
-shel | does_not _Pr gvi de a good seal when inserted in the auditory canal,

the anplifV844E6Htstic signal may leak to the surroundi RGEEPBGIEhti al |y
reachi ng 25 the nicrophone and giving rise to feedback generating
oscillations, to be countered only by decreasing the hearing aid gain, and
t hus, the full capabilities of the hearing aid can not be utilized.

Fur t her, t heThs Hapeupbe prodecaiihe oryos fanitativy eabibs ssEhdmgese iersivea$ponse to
user actl Vit Felo P , i i-d shel |
may not be c%a 1?52190 eﬁ%& E@tﬁl ng t aﬁfﬁo‘ﬂﬁ g% r%cgﬁi%ﬁaﬁ%t{?id&g%ﬂ%gﬁgpﬁgﬁé%e due to
nmovenent s oft'ﬂlﬂ feld prgiptdyiky regeiyer pr ‘a’l%%é’lﬁfatlphdlsf’fb@g ﬁ’él?efl%@tqf {he geeiTe- iR ed

initially Mo estbiBnd!) 8 kel CafgriBds ¥ chad®bd dr Prolrikidd® folRbeitiSRnd wbididexi DI e
tightening rjn sol ves, t hi sa%robl em. I n an. enbodi naengt wher ei n t?e shape of

the audi tor yRTHTHP: St BEboe Fetie mnﬂéaﬂddwa%h&aeﬁwf CAEEFFHRIER Rg cont our
i s pref er ablsypeeing atdeckpaiding deirdckiod & thodha@spondi ng to positions in the 20
~May 2005 WO 02/078233 PCT/ EP02/ 03306 10 auditory canal at which the
above-ment | Oﬁg%téllﬁﬂﬂeﬁlh&s\é%ere Bin s xﬂdg@@ écﬁ%?ylﬁimaéaﬁgo mad tory canal

exhibit small vari ati ons a secure a nount i ng of the shell
in the audivspondiasbgeringaigbell ¢xgrse nr%wmweaﬁ@m@r capyd dysuesidhen thp ghipll is
Thr ee-di rrensm@mlm ﬂﬁpﬁiﬁit efnalSTRRES: (ﬂ.ﬁsﬁs@@mma @ foratly m\éﬁasem& heardng ai d

: corrponents m hones proc out t.ransducers,
etc, may 1G,e 5 E‘%‘l %fdhq ﬁ%]a Hg"t%zgéﬁggase%ﬁ{’egﬁ‘?ﬁvw %@éf °8H? ]I"Bgltu‘ﬁf‘?é?ﬁ" ration
into_ t he hea;hashgl@Iﬂﬂtvetjtlltﬂaalnmg“cmbis-ekdﬂeﬁ\mtﬁé\ﬁlr@%ﬂgd@l}dimiﬂsaudmtmdel s of the
Selsoted COTRANaLAfRY oPRRGR bAREY Ml B Blhellbd RLflckBeacBPar | N0 ! d
n e noved ‘aroun or

housi ng nodel a sel ection respective optinmm
posi tions arikeell Séﬁﬁcat%of?@mﬂ@a@waﬁbr"r Pipeicflivg theheagingddsieth eaibd of a

i Ni MM Si 2 §yrovfdlglaitght@éhl a@:ﬁ%@k@tﬂg&mbeameﬁ%mus iaReeaROsé ki of the
features of the hearing aid shell, e.g. the vent channel, may also be
nmoved ar Bund® further optinize p03|t| oning of the hearing aid
conponents. Although there may be sufficient roomfor a specific conponent
at a certai rFupls.iaticigering cohtpyr aifibe selstted that extendrynativtsutfee polsshéilasdt 0 nove the
conponent i i LGl y&@i?d]&'ﬂﬁ@he]leAgmoﬂ%%ﬁﬁ aloBS b PinflP @y be e Rlin@e of the
shell fornms a %ottle nec t he i nput. openin Thus, dhrln design of the
hearing ai dm‘@E}IhPY‘%%B(fﬁ°SE'FFéfé?PW?‘&>?S]§‘P§€1dHEmB%?HPg%“h% bR UBEPEREPE of the
conponent i Ro BHliBGkic® the produced shell, or alternatively, that is adapted for automatic deposition of

20  amuaterial different from the material of the shell, the deposited material constituting a

tightening protrusion. The tightening protrusion or the tightening ring provides an appropriate
and secure tightening of the shell to the auditory canal when the shell is mounted in the
auditory canal. If the hearing aid shell does not provide a good seal when inserted in the
auditory canal, the amplified acoustic signal may leak to the surroundings, potentially reaching
25  the microphone and giving rise to feedback generating oscillations, to be countered only by
decreasing the hearing aid gain, and thus, the full capabilities of the hearing aid can not be
utilized. Further, the shape of the anditory canal typically changes in response to user activity, -
such as chewing, vawning, efc. A rigid hearing aid shell may not be capable of adjusting to
changes in auditory canal shape due to movements of the jaw and thus, a shell that is perfectly
30 fitted initially may produce unsatisfactory resnlts in normal use. A flexible tightening ring

solves this problem.

In an embodirent wherein the shape of the anditory canal has been determined dynamically,

the tightening contour is preferably selected at positions corresponding to positions in the




t hrough the input opening into the shell along a desired p@bﬁA%nggds t he
desired nounting position. The shape of the shell may be adjuste
selectively in order to increase the internal volume of 20 the shell for
provi sion of sufficient space for a specific conponent. Preferably, the

- outer crosWOMB®BBon of the shell is expanded at areas BOFERZHBAEI ng to ear
canal locations that are relatively nqp-sensitive to pressure. The
~selection of the path of the junction contour may be performed while the
shell nmodel is displayed as inserted in the auditory canal. In this way,

the position,gfod B bAGERhAbEe CONnbd Gnarhic v gor?@tbﬁhé GRUIIR i agPeni ng may

be selected Tor optinum cosnetic appearance n the hearing aid is
inserted i n WAtorpGE e}t s yrintiqns WhasRby p eechie apbieE UM IRERS o4 Be®F a part
of the outerdithy cabdldprébid@inbdpedausl 8fhust:etivitg. Model of auditory canal
facilitating evaluation of the cosnetic appearance of the hearing aid.

Typi cal |y, i Npressi on an auditory canal .al so .contains a L,pr essi on
of " part of Tsrappar Bafhs ot falinfented B Bis Bt Bl e b
snoot hed % o @iisdpheites, sighd ppecatgesitmhtknglicane pts, reayde ttored inbdatkseaandpot h

surface.  Th I |- : . : kil t he shell
Ty be 20 M i TR LR %%%%}%g%ﬁ p%%%h 3o edg?gggf\ae. g. using a
conput er nougdhag. mededs effeselpctedreerppossabaraibp gosiipnsiand displaysthvitinhcam

snoot hi ng t aekikicqidesusideGhod XA Rly®e ndvRASRAEE o clcEifh UM Ripedive Splidimof f  ti Ssue
in the auditory canal, when the iqpress'on .okggge audi t qr éﬁnal i s made
may or eat e IHRGF ARLPEPELP sEdoT BOEIRE SLHIPTE fstesR mnmed Py 5 be
renoved ¢ omhtdieminctarperfigmad, dndyositans of theofckalres thel dbasibg idstehe.gsthe faate cover ed

by the artif f R g ﬁﬁ%J% d .g-g% S HELLRCE substituting

t he deIeted‘%%%P&%@n%%sggﬂgﬂ #ﬁ%ﬂgnn éIH%%%#%%g S r?guné%%% the artifact.

Furt her, a s®@ppelrtthunber or another identification of the produced hearing

aid housing may be incorporated into the housing nodel, e.g. in a selected

posi tion, soabadh thehemfyisSifigeniymiie a spOifip Edshof@tat wicrhingasiticatvahiante

identificati .The finished hearing aid housi nodel stor.ed in a

dat abase. 1 or ik P pescF pEUEF HRE S dtofa G TLIRRRE € WBNeelfe SpALEL

aut omat i ¢h ofeleiref Gedic forps vogbosckRvhbe opd nphag. Thhe duraie desien ctithelbreans

represe”t'ngﬁi@&mﬁﬂﬁ£§$9£¥%&ﬂ%¥95$ﬁﬁiﬁdhﬁﬂﬁhmﬁﬁﬂoﬂﬁs&Bﬁ&@ﬂﬁﬁmkﬁmhhe shape of
e

housi ng nodel s stored In the data base, and the best match may be retrieved
~and the posi thropghdhe input opening info the shel! along a desired path towards the desired mounting

position,

The shape of the shell may be adjusted selectively in order to increase the internal volume of
20  the shell for provision of sufficient space for a specific component. Preferably, the outer cross-
section of the shell is expanded at areas corresponding to ear canal locations that are relatively

non-sensitive to pressure.

The selection of the path of the junction contour may be performed while the shell model is
displayed as inserted in the auditory canal. In this way, the position of the face plate covering
35  the shell outward opening may be selected for optitrmim cosmetic appearance when the hearing
aid is inserted in the auditory canal. It should be noted that a model of a part of the outer ear
should be included in the model of auditory canal facilitating evalnation of the cosmetic
appearance of the hearing aid. Typically, an impression of an auditory canal also contains an

impression of a part of the outer ear.

30  The surface of the shell model may be smoothed to eliminate sharp edges and corners and {o

obtain a smooth surface. The entire shell may be smoothed or specific areas of the shell may be




15 of features of the hearing aid housing and sel ections, poiiy200s, and
orientations of hearing aid conponents nay automatically be reused in the
hearing aid housing to be designed. An operator may subsequently adj ust or
change the“;ﬁj%igved positions, orientations and sel ections.

conpari son ﬁhé &erformed solely for selected correspoﬁﬂpﬁﬂnQF@%s of the

" hearing aid housings. The nodels may be stored in the database in a

" reduced formrequiring a reduced 20 anmount of data, since the very high
mechani cal tol erances required for production of hearing aid housings are
not requi r edselegied, e@riising i seyppytepoush Eitea gureh fur lvamogihinehy avell kfown AV GM

pOSI tions, Shdo @échﬂ:fﬂz%s sel ections, features, or conponents relating to

‘the stored hear?ﬁ% ai d housi ng model 5. A pati ent database may be forned
ol di ng 1 he. FEAFRG: B A SCETHER HOHLAT Brocin e BREEFRa, TR0 o Tho
records may ommﬁawﬁmy&mmdnmﬂsm@nmmmemﬁnﬁﬂhﬁmmﬁ1ﬁmeﬂ@ﬂﬁ@knahmmmun333|on of
the audi t9 r ybe rgrﬂ@ed ﬁ{:m‘]ﬂ%&: %51@?&%13111%1%?&1 fdlees{n%acgpo M%esa c:tt he

hearing aid conponents use earln
hearing aid ff@in thg mogrd aidrcalonlgting p W@e@smhqsﬁw@@swqeﬁm orbey i ng t o
acquire the shap&meiutdeadus @iy canal again, e.g. by making a new
i npression of the auditory canal, since the 30 previously acqui red shapes
may be easil etrie ed fromt ati ent t abase. 2005 12 It is
Wel | ~knoan | bcs i SUgPen ARG B HOR RS LS BEr e P FuE Aot onal
conput er nodetorpopdtedtifte thia busing goded, iclgi mnn@ec&diaﬁsaioh,edthamm teughpadag by pi Ng
t echni ques, %H&%aﬁﬁmiﬁ%ﬁﬁ%&%&m%ﬂ&ﬁﬂhy’ | aser sintering, fused deposition
nodel i ng, dr eposition printing, etc. For exanple, in stereolithography,
t he conputer nDdeI iis converted into a nunber of crosssections that may be
~equi di st ant , Thygisked eaeing pid pousingmpdet mashstored i dataese fpr st eigievel Then, t he
housing is manuf act ur ed by producing the individual cross- secti onal pl anes
successi vel yTrgtabasnmiydp utilizedtac fortind gomatiomafaienizagipreas Footsample.dre next to
each ot her | dliquid
Za{él?ur#e%gﬂ& %gre% E'tﬁ.—!m %t'tﬂ g&g& B6h audho %812{1%4 t% ﬂanIeE tﬁﬁ%%éé%%?

~synthetic r ter | e platform
By targeted hﬁ%ﬂmoqeléW@ﬁlﬂdW%aﬂ)éf@t%ﬂ]ggﬁt ﬁéc%lmyfba@ém@?d apige posiprsd

syntheti g5 I&Sdafirsd BEkhE RGN ]ﬁﬁsxﬂg@.ﬁ&éele&ﬁﬁl& PRl opETed ofisdritdnk o@ﬁeahﬁgedusynt hetic
resin, it is BPSSIb|e tqﬁ%'qﬁ g fl%st crgﬁs sec&; n, of. the hearing aid
housi ng. Af t BFPRISHHFAY 135 & ﬁmgP8§§ EIRE pig fousing g be aﬁﬁP oftis | owered
by the | ayerop'eﬂatocinmhse@@nuyh&justbh&mme rgtfioysbpsitiats] @rathtiopd ad eloothont.he
surface way.

Thi s cont i nuis ot ¥E b BT LP Bl BB RRNIR: bl h P B, e

cont ai ner. Thousings. The models may be stored in the database in a reﬂuced form requiring a reduced-

20  amount of data, since the very high mechanical tolerances required for production of hearing
aid housings are not required for comparisons of shape with the purpose of reusing positions,
orientations, selections, features, or components rclating to the stored hearing aid housing

models.

A patient database may be forroed comprising records with a patient identifier, e.g. name and

- 25  mmmber, holding the hearing aid housing model of the patient in question. The records may
further hold respective models of the original impression of the auditory canal of the patient,
and identifiers and models of the hearing aid components used in the patient’s hearing aid, etc.
A new hearing aid for a specific user may then be produced without having to acquire the shape
of the anditory canal again, 6.g. by making a new impression of the auditory canal, since the

© 30 previously acquired shapes may be easily retrieved from the patient database.




Laser sintering is another layered fabrication process prodyg 35 &
t hr ee-di nensi onal object frompowlered materials in a |l ayere fasﬁi on
utilizing heat generated by a CO2 laser. As in stereolithography, the
conmputer nodel is converted into a nunmper of cross-sections successively
produced by applying the | aser beamto a thin | ayer of powder. The | aser
beam fuses the powder particles to forma thin |layer of solid mass. The

| aser sintering process allows for the use of a variety of powdered

mat erial s. Wistwriltinewn ip ittt Brpduge i bousing pasaducdhreddimesived couptda ondlwi th a
printing ne | a drop
deposition %)ijr}?ﬂ}toiﬁgﬁlg@ JHPEmé %xcgﬁrfl%traéﬁ@%gmt ]H% ec utqigé\}'eéfugﬁ ?)SE% g%?gr%aph% Eaé’?:resm ve
Cr oss- sect i grtgringsiued derositiofy mgsiclingpdrop dapositingripimgratd. ng and, after at | east
parti al poI ymerization which shoul d already take place at the printing
operation, eﬁ'ﬂrﬁ)ﬂe RS hRGraph)) 4P SR p kG haL! ;&%ﬁ@n&ilﬂé n@f6rb@i Ning themto
forma sheII It is an inportant advantage of an e od| nment the present
invention t¥awseationentinmgy baperidinns plage-raraliel and koriental tatinepdncd be Fhen, e ¢

audi tory caﬁagm@fa%mﬂmedrwlp}sq&% tﬁglhwauaﬁ 684 UERSnat Rlarbs s@&sgl‘cbﬁmaat ed face
plate, a ventilation channel, a t| htening protrusion, a battery opening

Wi th engagi Pgoreieach othen vedgmeativepch gieropndgsblogash other and joining them fogetiticded

aut omat i cal éomawemthaacmagam%m&&%@ PR PESz com ﬁtgfc@ﬁ@oma/ the shel |
is produced froma flexible, sweat resistant material. The material should

not cause aPpeblgpltioradntiresied usTpizadistion fisocied af thersatfese abthyliqyisl yathesis i n a

pol i shing cyli me:ﬁusmggt 1@@%&%@%3&%%&@ tlcP Iggl_.{l Etpg)l%sgﬁg’ %[e ate J he
material may be col orl ess or be of a color that Is close to a desired
col or. The lfsttqfés"seﬁmlolfthﬁh“y"ﬂb@m busing chfiercogpledionanf ieasl crossetiondle of a desired
color, e.g. plQ%ng'isﬁWe?& bg,ni%la,laﬁhlkkde& sb h@t th&@xwrasg&cawﬁﬁ@@sﬁmeIlt}ﬁcé nvention
w Il now be expl ained greater detail wth reference to the drawing in
which: 5 Rfdghe hﬂu@ﬁmmﬁ%re@w@p\m@w@ afhegemoyvel By etindgeunsf dsent i nventi on,
Fig. 2 showgsehisldsasi g%&amabovxaﬁ%%cmmn the-ear hearing aid, Fig. 3
illustrates schematically the process steps of an enbodi ment of the pr esent
i'nvention for panufacturing a hearing aid, Fig. 4 illustrates

scherat i cal }ajersiisripg ipanogsr layceqgdatipatign PORSORIPIRENE 2 rcerdieengiprad eliiect i nvent i on

10 for acquidn AvdbREmeBdAEn QlaytbiPradtithivhiftfive lﬁ:@t%@illeratéf_i'bga o, BROWEs i@ conput er
representation of the acquired shape of an ear inpreSsion, Fig. 6 shows a

t hr ee- di me ST PetaRbRIlR rPHEdRIdelds cogvastedinfo agumheraf rresdsetiensl cul at ed wal |

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

fuses the powder particles to form a thin layer of solid mass. The laser sintering process allows

for the use of a variety of powdered materials.

A further possibility is to produce the cross-sections with a printing method similar to that nsed
in an ink-jet printer, i.e. a drop deposition printing, for example, by consecutively producing
successive cross-sections using the drop depositioning printing and, after at least partial
polymerization which should already take place at the printing operation, by then stacking

~ them on top of cach other and joining them to form a shell.

It is an important advantage of an embodiment the present invention that a hearing aid housing that
is matched to a specific auditory canal and that includes various features, e.g. an integrated face
plate, a ventilation channel, a tightening protrusion, a battery opening with engaging means, an ear

wax guard holder, etc, can be produced automatically with a minimum of manual operations.

Preferably, the shell is produced from a flexible, sweat resistant material. The material should

not cause allergic reactions. The shells are preferably polished in a polishing cylinder.




thickness for definition of the interior cavity at the innepysfigse, Fig.
7 shows a cross-section of a part of a hearing aid housing with the
acoustic output 15 opening, Fig. 8 shows a part of Fig. 7 in enlargenent,
Fig. 9 is a perspective view of an ear wax guard, Fig. 10 is another
perspect i VEEOUPRR2Ef the ear wax guard, Fig. 11 shows a PEBHERR24E8¢| on of a
part of a hearing aid housing with the @coustic output 20 opening designed
for positioning of an ear wax guard, Fig. 12 is a nodification of the
~enbodinment in Fig. 11, Figs. 13-17 illustrate a nmethod for use in

producti on ofhelnRGrifl@as boghldiesd odmChf A goldr@hat 1 Gloselthly @iFkdd@blor. Theg, thel 8 1S a

perspecti.ve view qf an enbodj nent. of a_heari ai d .housin ccording to the
DS hvent | ontP5Em s Bt » D e s  BesrreRigD e ed e R &7 o
per specti ve aloping whstacd. ace plate for use in the hearing aid of Fig. 18 with
an inserted electronic nodule and a battery |lid connected with the face

plate, Fig. 20 ukSndn REIRRER biplfel HEWeR) addiBrith 3G el Bl drdwt@ ih whick! 9- 21
shows details in the design of the tace plate, 5 Fig. 22 shows further

details inp the desjign of t face plate, Fig. 23 shows an el ectroni c nodul e
for use in t¥e& hed ﬁﬁgﬁDégﬁ\ﬁsﬁfe&acT‘gi‘ngtﬁfhﬁge?&“%ﬁﬁ*\}%"the socket part of
the electronic nodule, Figs. 25-27 show the design of a battery lid, Fig.
28 i s an exakiplie ¢fowaalxosrseelignad ividw obantiethg-efrdearpgedi n t he hearing ai d of

Fig. 18, 10 Fig. 29a shows receiver holders in the shell with the receiver
Jinstalled, Fsgs 28RstfReWhehRRAly R prdiak gte%s,f b bntbBEmS 61 the WéstA RivEntibi1 e
receiver, Fig. 3Qa shows the receiver chanber in the shell, Fig. 30b shows
t he suspensi on ofﬁFH@mgﬁﬁﬁ?%%W”Pﬂy?%e recei ver chanber, Fig. 31 shows
exanpl es of cross-sections of the ventilation channel in the shell, 15
Fig. 32 shovwegd sHebtratepsdbmamdlyietpowess sigpstof girndndiment pf thepreskijt givei®8n shows a

cross-segdion of g.308kk, BE QdHCR%-A6HRLIAE 10 a preferred enbodi ment of
t he

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,

Fig.7  shows a cross-section of a part of a hearing aid housing with the acoustic output

15 opening,
Fig. 8  shows a part of Fig. 7 in enlargement,
Fig. 9  is a perspective view of an ear wax guard,
Fig. 10 is another perspective view of the ear wax guard,

Fig. 11 shows a cross-section of a part of a hearing aid housing with the acoustic output

20 opening designed for positioning of an car wax guard,
Fig. 12 is a modification of the erbodiment in Fig. 11,

Figs. 13-17 illustrate a method for use in production of the hearing aid according to the

invention,

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

25 invention,



invention, Fig. 34 shows a cross-section of a shell produced \geeg@di ng to
anot her preferred enbodi nent of the invention, 20 Fig. 35 shows a
cross-section of a shell produced according to still another preferred
.enbodi nfoz@fs2ishe i nvention, and Fig. 36 shows vari opgpgppashsrents of a
face plate. Fig. 1 illustrates a CAD/,CAM system 60 according to the present
i nvention, conprising a processor 61 and a conputer display 62. The

CAD/ CAM system 60 i s adapted for design and 20 May 2005 WD 02/078233

PCT/ EP02/ 03306 15 manufacture of a hearing aid housing conprising a face
pl at e and¥i§ ¥ndf # Parspentivg ‘ge%%fﬁé?féﬂlaﬁﬁ@fpﬁéﬂmahﬁf‘%&ﬂi%f@ﬁﬂgﬂWlB‘fa“a user. Data
representing thgesdRReudic ndd@e M4 hfyicRNREBHE hoG&ipped and stored by
the system Upon receipt of the data t he processor f forms a

‘three-di nmensjonal nodel .of th ﬁrtor canal and a part of the

cor r espondié dm%efsl’%%‘?'e‘ﬁ%‘ef&he e PR a. The 5 nodel is manipulated to
forma three-di nensi onal nodel of the desired hearing aid housing having a-
shel | t hafignit ches defads iathe Hesipn pf thadaad plateThe heari ng ai d housi ng nodel is
further rmanipul ated according to well-known nethods of CAD/ CAM systens to
desi gnsan s i I using. In the design process,

t he npdelgﬁa %g |ﬂimpq§§ghgﬁm?%§&°g%ﬁﬂk 1 lesplay 62 i n various

t hree- dlnep3|onal views and two-di nensional cross-sections, 10 and various
oper at or B3 ghevesan plasiepir yaduls fay uspajthederring pidef FigH8. nodel are provi ded.
During the design process, the nodel of the auditory canal remains

unchangedpjgrml &hdvrend reckel m@frhéé]!&u&@&hb&ﬁﬁ aid shell is subject to
nodi fi cations and addltlons of various features. The nodels may be

drsplayed ui shabl e and the shell nay be displayed
inserted 2gh?&ﬂﬁ CAE78R © k%ﬁ%?y%&or this and ot her purposes, t he nodel of
the audit Yy canal m e 15 di. d Lr.a arent n conpl eti on of

t he heari ﬁ gl dsﬁtfﬁ%”ﬂnegqnowgm?ﬁ %g glngeaﬁlég% éﬁgngé)al d housing is

produced, e.g. with an integrated face plate based on the nodel and

uti | i A0 ngFig. Vaphatvs reseigerdoiless mgheshsilavititthegegBer isilledie shown enbodi nent, the
rapi d prototyping apparatus 66 is a commercially available

stereol i tbfggzgegﬂwsqae@&%ﬂésﬁ@wsﬁéﬁﬁham%m%abenﬁt' cal |y shows an in-the-ear
hearing aid 10 with a shell 1 that Is covered by a face plate 2 with a

battery ogenrng 78 and a njcrophagne openrng 76. The hearing aid contains a
ig. 30a “shows the receiver chamber in the shell

Fig. 30b shows the suspension of the receiver in the receiver chamber,
Fig. 31 shows examples of cross-sections of the ventilation channe] in the shell,
15  Fig. 32 shows a shell with and without a tightening ring,

Fig. 33 shows a cross-section of a shell produced according to a preferred embodiment of the

invention,

Fig. 34 shows a cross-section of a shell produced according to another preferred exbodiment

of the invention,

20 Fig. 35 shows a cross-section of a shell produced according to still another preferred
embodiment of the invention, and

Fig. 36  shows various embodiments of a face plate.

Fig. 1 iliustrates a CAD/CAM system 60 according to the present invention, comprising a
processor 64 and a computer display 62. The CAD/CAM system 60 is adapted for design and




m crophone 3, an electronic anplifier 4, a battery 5, a re%iwf%;z(ﬁﬁ an
acoustic output opening 7, and a ventilation channel 8. The general
principle of a method according to the invention is shown in Fig. 3. A 25
schemat {ygablikshown ear || possesses an auditory cangbrdmendshie shape of
which it is desired to acquire and gtepresent with digital data. In Fig. 3,
the shape of the auditory canal is determned at A and digitally stored in
a nmenory 13. The digital data are converted into a three-di nensional
conputer nodel of the shell at B and saved in a data nenory 14. Mdels of
conponent Zapgcigyofp bearipg ddbaysing qempisingercface atgapdyshell e isgmicheddc Seored in a
data base gffory Thidof  bllE ﬂaﬁff@r@éﬁ% hOHEE Ak Qﬁ]it@k%ﬁls&ec}%ivwdper for mance
data of avalrlyable conponent's and features, such as various sizes and
shapes of sipreg By hiefystem. YRop respptoRas data g piopdsf 4lammsiadines-dipafipndt i es, etc. 20
May 2005 Wi 05 O48R37cBE BAdERAR AR R freshbnding Bt sed RS Ghtd Td he dat a

menory 14 and data base 15 are then conbine to incorporate the

d at C
necessér y P ismpeginelatgd toforme fireecdimensiopsh mpdet ‘éféhegi“ﬁfé‘illg‘ia@?gél‘d beBsRsut er nodel |

e. 9. of aRavirg-alshfthee MhtciREME bidforfbhal, THE H8in® M hoWdiy WiBOL] is igthé@ result, a
conpl ete nodel of a hearing aid housi ng{ﬂlas obt ai neg in the nmenory 16 which
may for m PAupiied aggordingdo fel-powa methods of GARLAM systergiip festen ol BFHA%S of heari ng
ai ds. Theagsiréd1Rarh@uRihegink in the Rz P16&E tieAnodel GRIPeMiPIy&@atHe0l | ed producti on
process D on th@ tfasggs of, tH}g ﬁgﬁlﬂel. o{ .t he ousd'l ng '%t@f)red in the nmenory 16.
The pri ncPPTREET Bl O4tproes HErHBeror gl HEtSPhFRicHE e CHsFEiBF an auditory
canal 10S aRiolARIER bpefAds loyntdHed\fimctiohs foi gljusénentAid the adoddl Bip p@sigédon 18 i s nmade of
the ear 11 with its auditory canal 12 at A, the dinensions of ear

i mpressi o 8 Js.dialtl t resul ti stored in

t he nmenor ?/) u%%g.tjl%egelkﬁl?hécﬁé&g%%%bgr%g e%@?\t\? ? ?né%lr%?lﬁ?sc}} n‘gﬂ?%?té@%%ip erf'ggr\dgll onal
conput er ofthelehringteidBhedliglsubjae tarnefiilcatiops snd edditibns of varfous fieteres. Weenory 14. Met hods
for scanni ot .2 . Manel i will be
readily g@%lll a lbgh%E%eﬁ%gg% [ ﬁ‘afeégagﬁ,catg ﬂﬁelggé}{eltlg’gﬁger\%ﬂa@% %%hg{:lanners and
programs thayudieryganell Forghis g athespurppsps ghewtodd lof the apdiaryra008@anbai | abl e from

M nol t,3 Cgispiaghd Ganspaftnfpaka, Japan, in conbination with 15 a 3D phot ography
sol ution aval'labl e from Rai ndrop Geonmgic, Inc., North Carolina, USA, has
been found effective. Fig. 5 shows a conputer representation of the

acqui red SRepsemBirtionof b hearipgpidonsing modgyGip copsipandinedpirios it beUNgE ¥he shape of
the audi t giouce@Bal wilef idgakel 81t Fath, Badeld 6n tBPRABIeYand Btilizink; a kapigpossi bl e to

prototyping apparatus 66. In the shown embodiment, the rapid prototyping apparatus 66 is a

comumercially available stereolithography apparatus 66.

20 Fig. 2 schematically shows an in-the-ear hearing 2id 10 with a shell 1 that is covered by a face
plate 2 with a battery opening 78 and a microphone opening 76. The hearing aid confains a
microphone 3, an electronic amplifier 4, a battery 5, a receiver 6, an acoustic output opening 7,

and a ventilation channel 8.

The general principle of a method according to the invention is shown in Fig. 3. A
25 schematically shown ear 11 possesses an auditory canal 12, the shape of which it is desired to

acquire and represent with digital data.

In Fig. 3, the shape of the auditory canal is determined at A and digitally stored in a memory
13. The digital data are converted into a three-dimensional computer model of the shell at B
_ and saved in a data memory 14. Models of components for or features of in-the-ear hearing aids
30  are stored in a data base 15. Thus, the data base 15 contains dimensions and performance data
of available components and features, such as various sizes and shapes of receivers,

microphones, amplifier sections, batteries, etc.




convert the data using algorithms well-known in the field gf M
technol ogy to produce 20 a three-di nensional conputer nodel of “the matching
shell of the hearing aid housing to be produced. Fig. 6 shows a

t hr ee- diygRagIsenal computer nodel of a shell wherein y@dgpobiisedness has

al ready been selected for definition of the interior cavity defined by the
shel | . The conversion of data into & conput er nodel may be perforned
interactively under user control or fully conputer controlled. Suitable
CAD/ CAM prograns will be readily available to 25 those skilled in the art.
A vari et yTixfdajastorgf anthe datayreiveryd et dag b@ADS @ANeproodinghat ProibEi@rdEER avai | abl e

from PTC j e : LS. . : ﬁpjﬁﬁ tive. Fig. 7
shows a pglrgflyggfg? H&mﬁ@uﬁfeﬁﬁ&%’%ﬁeﬂ%m% ﬁe |Sﬁ)ﬁ§?0@r ngeogg]{%gré 6 is

i |1 ustr at exdhspripgrid in an@piinpuR wayohs a 2t drempleto medeh plodeaing wd ksl & acousti c
out put Opgaéxﬁbﬁﬁmélﬂén%fﬂfsvaﬁbh%%ﬂd &aﬁ%éﬁ&ba&%r&é’ﬂ&féof@oh pley med by a hose

menber 34 made of plastics. In"ord to avoid contamnation of the interior
of the5 ho@gqieiﬁg)fheamaqiﬁ%@% thehousing d 4 s prpsiicedintaspionvT edaisolisd praduction out put

openi ng 7y, oa@sﬁaﬂme%&mﬁﬂ%%me%@bggﬁﬁa&%r&hﬁ? 160 May 2005 WO

02/ 078233 PCT/ EP02/ 03306 17 As shown'in Figs 0, the ear wax guard 22
conprises_a shart, essentially. circular cylindrigal tybular nmenber 23 with

a | engt h ZHrPrigHP Efl?f%?m%n&'%@@Fdeéed%‘fﬂécﬂheﬁ}éﬁ’e?fﬁgé‘fdﬁ?%ﬁaﬂﬁlﬁio the acoustic
out | et cagbﬁémaaaalmﬁohuiﬂmg:mmmfpwssmn&la isafsdeortiheahl M vl i€ stlamsry cyl i ndri cal

bore 24 in t b nenb 23 is Ilall b 5 wax

retai ni ng® ﬁggﬁéﬁ %%%QPEPﬁg’gﬁdm?ﬁﬁP “ﬂﬁgl%?%ﬂffﬂﬂ%”%ﬁgﬂﬁgﬁﬁstlc out | et

canal1@1.w€h&mbﬁﬂﬁm®mmy25'nauﬂm@mﬁmwtumauﬁuﬁxdm@mmmmkhmﬂammmmand radi a

t hreads as t, t |te end of the tubular nmenmber 23,

the ear mﬁ&Eﬁggﬂﬂégﬁuﬂg%mgm%%ngﬂﬁgfm% ﬁ inthe inserted position

sealingly abuts the end wall part 30 surrounding the acoustic output

openi ng Methpds forlanghganh digititiogitherewi¢r cottéve ofthd itnpresspE wilkks radilfonvex upper si de

and a con l. edge of the
SAB1c Sk Eﬁhtd ﬁhelﬁt %%hgﬁ&of &@&4 aéaz gﬁ}@ r%%bgﬁsreh QL

collar formng ativ n 28 agal nst the end
vval I parttYB@MIRﬁwé[VHMQ‘i’lagmﬁﬂ/ﬂ@@@l@Ml@ﬂtﬂ Eechfd.iin Psakas Japty, mw@ﬁn@grawﬁfst m gration

€35 Vgrn e fapiyy @mmrmbﬁé ﬁozﬁﬂﬁﬁdr@ﬂ GloliBeiC B! %n@@ﬂomm; afgsWax guard
vv|II ininserte osition l ow t contour of the shelll his is very
i mpor t ant bdemfoped efestizn ¢ o confort, especial ly for CIC (Conpletely in the
Canal ) hearing aids which are placed in the innernpost sensitive part of the

15 audi t opjy. SsRsA a.computer representation of the acquired shape of an ear impression. When data

representing the shape of the anditory canal are available in the memory 13, it is possible to
convert the data using algorithms well-known in the field of CAD/CAM technology to produce

20 a three-dimensional computer model of the matching shell of the hearing aid housing tc be
produced. Fig. 6 shows a three-dimensional computer model of a shell wherein wall thickness
has already been selected for definition of the interior cavity defined by the shell.

The conversion of data into a computer medel may be performed interactively under user

control or fully computer confrolled. Suitable CAD/CAM programs will be readily available to
25  those skilled in the art. A variety of programs may be used. A CAD/CAM program

Pro/ENGINEER available from PFC in Needbam, Massachusetts, USA, has been found

effective.

Fig. 7 shows a part of the shell 1 facing the inner ear. The receiver 6 is illustrated with an

output port 20 that communicates with the acoustic output opening 7 through an acoustic outlet
30 canal 21 formed by a hose member 34 made of plastics. In order to avoid contamination of the

interior of the housing 1 with cerumen or ear wax entering the acoustic output opening 7, an ear

wax guard 22 is placed therein.




The ear wax guard 22 is manufactured of a resilient material,mspsinsas
silicone rubber or a thernoplastic elastoner, typically with dn outer

di ameter of 2.25-1.5 mmand an inner dianmeter of the bore 24 of about |
nm For warnziergpszoved securing of the ear wax guard 22p¢pPEieb@ssacousti c outl et
canal 21, the tubular 20 nenber 23 gcan on the outside be provided with
means for frictional engagenent, e.g. in the formof at |east one
‘circunferential bead 29. An ear wax guard as shown and described may al so
be placed in the ventilation channel opening in the shell. In the

enbodi ments SHEWR Figs- iy the sar wag perde3 comppsiesggharilessortislly ciipilanesdadticl a bushi ng
32 Wi th appy@Sn-ABEUS Mith & RhitRind3a ohtl) dbReNRiNeddaahstEbn kfdehkdusdde of the end
wal | part 30 of the shell 1. The bushing is preferably nade of a

mat eri al Pﬁ%ﬁ“@@;%ﬁﬂ@ﬁ#ﬂ%ﬁﬂ@; e.g. plastics or metal, than both the elastic
hose nenber 34 serving as acoustic outlet canal 21 and the ear wax guard
22. The Bushéndgly3aculs cﬂﬁﬂlﬁﬁaﬂﬁr& msﬂtﬂerubm nlR@B& 25 B HRGily3tbsadng aidy be fixed

to the_end of t he, hgs | uing or. wel din f_the.collar 33 to
the end wiff™ b%‘ﬁef?rﬁatrh%re ﬂhatr’ré’ﬁse\é@g ﬁ%”@?“?@ e@\‘i”f“ﬁzgrjr‘h? ference fit
in the hOSEmMﬁﬁmte&threé’ﬁﬂMgprﬁﬂﬁdlaMQeﬂﬂ/aﬂsﬁm Fi3CI0. EPO2/ 03306 1S
Preferably, the periphery edge 37 of the collar 33 is tapered to provide a
snooth tr L1 OF n t he
cmbod menf Shappite eak HE G bl 2 e o Aot DS RSB pellin il 13°
adapt ed t@sdﬁedpm&dmﬂeé@gldiableﬁm gnd fwall pdﬁé%mstngche@mmﬁou@pmpem@ 7. The hose
menber 34.f on the

&7 RGN elﬂbofa&%gé&lae i A4 a%&&gn&ﬁ%u Voo Gd B

out5|de o ushin as own 1 n In the di nent shown
in Fig9 1szomcelﬂ@«ehs;éfeﬂlﬁﬁmbqralsdseuoéthmﬁtfmmgmﬁm@elvﬁlela@ésqﬁsn@mgl@ Fig. 13

'||UStrat%aM%@ﬂ@ﬂp&%%ﬁ%]ﬁ&&&eéﬁ@cc@&?m% i AdRn &t Shel| 1 by

cutting to a suitable dianeter as indi cated then by grinding to
obtain a §%ﬂ@ﬁ%ﬂﬂﬁﬁﬁ§W@Pﬁﬁ¢ﬁ€fWE@ﬂ“a@ﬁ@ﬁ@ﬁwwwwmgﬂmhﬁémﬁﬁéP@ﬁﬂmmalI part 30.

Al'so in tﬁﬁoﬁﬂi@&ﬁkdﬂ?&ftt&sﬁéﬁo’!\ﬁkis%rf anﬂ-é:@dﬁgné%omkﬂeesﬂeaamm@gs 32 and 42

with the collars 33 and may _be adapted to the shell 1 in the sane way.

As shown {Gmelelgy In the Coml) h‘r"aFn$ @dsm‘h@Fé’ferP@ﬂﬂdt%'a? mﬂ%@"s&ﬂﬂfﬂé‘fe P thehe form of a
di sc wht hagitdy adnaisur face for abutment against the end wall part 30 of the
shel | 1. Cbrrespondingly, t he end mall part 30 of the shell 1 is provided

with a fl abut nen U e eception of the collar. As shown in
oo Se ! B RO R 2R bR gt b Pt g ERPT LS 65 | &
count er suthkrmioplastidrelasdheat, Ityplj;ally with an outer diarpeter of 2.25-1.5 ra and an inner diameter

of the bore 24 of about 1 mm.

For an improved securing of the ear wax guard 22 in the acoustic outlet canal 21, the tubular
20  member 23 can on the oufside be provided with means for frictional engagement, e.g. in the

form of at least one circumferential bead 29.

An ear wax guard as shown and described may aiso be placed in the ventilation channel

opening in the shell.

In the embodiment shown in Fig. 11, the ear wax guard 22 is mounted in a bushing 32 with an
25  annular collar 33 in abutment against the outside of the end wall part 30 of the shell 1. The
bushing 32 is preferably made of a material that is more rigid, e.g. plastics or metal, than both
the elastic hose member 34 serving as acoustic outlet canal 21 and the ear wax guard 22. The
bushing 32 is mounted inside the hose meinber 34 and may be fixed to the end of the hose
memiber 34 by gluing or welding of the collar 33 to the end wall part 30 and/or it may be
30  inserfed with an interference fit in the hose member 34.




15 aid shell 1, preferably w thout changing shell wall thiclgngsssoeds shown
in Fig. 16, during assenbly of the shell 1, the hose nenber 34 ‘may be
provided with a surplus length which is guided through the acoustic out put
openi ngwo dzia7sedze end wall part 30 of the shell 1 angcfpmbesnes thereto by
gl uing or wel di ng whereupon the projﬁﬁting part of the hose nenber 34 is
cut flush with the surface 58. Then the shell | may be provided with a
collar 20 53 without a nounting bushing as shown in Fig. 14. The collar 53
is fixed to the surface 58 Qy gluing or welding, or, the shell | may be
provi ded KLY HOPRPRRLCIBLEHT HG codbr 3is eprsifiio PiAVIRS qsmooth rangjliety 3 col | ar 33
that 1s | BSREhER bk 93 i aefdwafiolt he hose nenber 34. The assenbl ed shell |
with the collar 33 or 53 nounted on the end wall part 30 of the shell 1 is

shown in Eig. 17.. 25 Fiqg. 18 shows in re detail .the.munti of an
el ect r oni E“tﬂ%“d’éﬂ"@'m?% S{“r’i‘%a\n #@‘a@i arfﬁ“‘l&%b% ftﬂgﬁif?n&‘cd’gésr%f‘pﬁd t‘fn% t he present
i nvent i on meoli& dvedls inde AcOuscooqput Gesing7. Theloke derstdaPs fodhidgan kdvesticaudi t ory

canal and in nerally irre ar., coni.cal,, shape .l ate 2

cover i g eHE =BPEareosart ot b iPite SEordnphatt % URPE il 1 PR Votar 1
connect ed embddhinentshowmio &Figpl2a the héde meunbkr 34is meheatinshiaitic bnsholghz 74 having a

m crophone 3, a signal processor 9 and a sound reproducer or 30 receiver in

the Torm of, el GRIAE o ol #0005 MR 0 ABE0%, BTL FR021 03306 19 The

face plate§2 ) n-integrated face pi | I'n"the shown
enbodi nensuitablhdianeie @s indibaieddy 37 pddhe bk grinding Lof drtain arsedoll spnsitien ksfweerd r om t he

shel ] )1 HE R S fhe LR AIFEE 3P Rb o R A BrimSAONAA A FHERNT A |0 FI S, 19
and 20. Prior to fixing th 6;ace [ate 2 to the shel 1, the contour of
g.é'lppcp

the fdee pushing 33 apky W FEdnghdA maytbe pdegtedio the shell g tha svems™@¥ng to t he
junction 5 contour previously specified in the nodel of the hearing aid

housi ng a&es@bﬁmﬂ%tilni7mﬁis;pk&ne@maﬁwcdu@%me@&maaia@vvim&latsuﬂfaceT he cont our
correspondlng to the J.un

cti contour _i.s, iLndi cate as ash line 2 in
oo e athutra: dgagruty ret e 40 o el Chreaointly S it 01, 0o by
-gluing, tbenodhker is@mmm?ia&lﬁamnﬂmu_ mf@dsfifau}ad@p%dmambmgmah gshboisi ng. |h t is
an inportant -adv e t hi.s_enbodi nent _of _f.he present.invention that
fhe oho | S S e RoiE, 5 phibignS a0 Reth rge st G RE o ISR 1 ohi e so
t hat tise eidkien 1coemeileritiubdhenging thefl Xyl thixlinekd pol | ution during their
mounting. ‘As shown in Figs. 18-22, a battery opening 78 is fornmed in the

face pl a\tM‘Z'ﬁ %}?@ﬁ%ﬁ%?ﬁ%&dﬁgﬁfe@@gﬁgﬁaﬁ tbg;h&sfe%mﬁér%ﬁ%?@ FoullREMeE 74, and a

battery
a surplus length which is guided through the acoustic output opening 7 i the end wall part 30

of the shell 1 and fastened thereto by gluing or welding whereupon the projecting part of the
hose member 34 is cut flush with the surface 58. Then the shell 1 may be provided with a collar

20 53 without a mounting bushing as shown in Fig. 14. The collar 53 is fixed to the surface 58 by
ghiing or welding, or, the shell 1 may be provided with a mounting bushing 32 as shown in Fig.
11 with a collar 33 that is inserted into the end of the hose member 34,

The assemibled shell T with the collar 33 or 53 mounted on the end wall part 30 of the shell 11s
shown in Fig. 17.

25  Fig. 18 shows in more detail the mounting of an electronic module 74 in a hearing aid housing
10 according to the present invention. The housing 10 comprises a shell 1 adapted to the
auditory canal and having a generally irregular conical shape, a face plate 2 covering the
outward opening of the shell 1, a battery 1id 73 pivotally connected with the face plate 2, and an
electronic module 74 having a microphone 3, a signal processor 9 and a sound reproducer or

30  receiver in the form of a telephone 6.




28 for insertion in the lid 73 that is forned as a battery;ﬁﬁhgggmxfor this
purpose, the battery 15 opening 78 conprises a first region 79

positioning of the battery and a second region 80 coherent therewith for

i nserti@ip@hrsazzsocket 81 of the electronic nodul e 74phRpshosed he

m crophone 3 of the nodule. To retain the socket 81 of the electronic
nodul e 74, integral engaging neans are forned at the edge of the battery
opening 78 as shown in Figs. 19-22. In the shown enbodinent, the 20
engagi ng neans conprises a pair of grooves 82 and 83 which are arranged
OppoSi te Ths fecg plate 2onah bp atintempipliedetptateplieer ifthe shewiambodimgnt dpdideng 78 in the
first 91!;15{92 Fiad b%rmﬁﬁdﬂr&&%?%lﬁongéﬂ@shcﬁ)iitfteﬁlgr& ofm?aéggl&é goyes 82 and 83

serve to retain the socket al nst di spl acenent In | ane of the

face pl at Sopnimpse detddnTipsy 1'hand AS Prionte fidns tecfiagsplate tathgshel 19ke t racks 84 and

85 faci ngcoﬁﬁmfﬂ@tfﬂ@g]a&@hasﬁﬁén@%e@ Qftink hEmif %k&&a m&qaﬂaﬁsn di spl acenent
e sh

at right angles tot face plate into 25t and a notch 86 for

r et entfonC%P“%R#@fl%‘E}ERI@?Iﬁ@PQ@&?%? taty hepring @id hgatiins pad aﬂﬂﬂléef@ﬁ‘ﬁ(%’l te direction.

For engagaipal opbhibd ofitAnENOREH o@ﬂoﬂf@& oﬁ&iﬁg"ﬁ%ehd'ﬁcﬁoﬁ%oﬂtﬁﬁﬂ iflcake 2, the
socket 81 of the, electronic no seen nore clearly in Flgs 23

and 24, i% gpabiped B, a}lgé?daqoi %""‘“ﬁlf"’é e,%"éltﬂi‘erfﬁ’e Plets< the gl 158 Whgenent in the
tracks 84giaing 3 %thebddthpiveht ard mGinead i ﬁehea@grakmmhgmmraﬁ Bipegdnt on 88 for

engagenment. W t h otch 8 nd wit rotru ient lugs 89 for

| ocati on ‘i‘%@ﬁ%%ﬁ‘ﬁﬁ@?@’%ﬁt gﬁap%%?“ m&‘h%&*&‘???‘ ’?‘E’La 4é 334 is

arranged batldag aft@aie fiplsbihesodhatiht bth&rhmﬂmaﬁntsarqmot dx@losdBio polnadtirinput to the

posi tion Sihown B%FI gs. 18 and 19, the parts of the el ectronic nodul e

i nt ended y 2005 WD 02/078233 PCT/ EP02/ 03306 20 arrangenent in

the shell 1 under the face plate 2, i.e. the signal processor 9 and the

tel ephoneASShowmmé?igaa]@s?échhaMDmﬁngﬁés Toecherici the fapreniateifoii8molabia i nto t he shel |

1. The sogkef.. 84 and 85
zﬁhﬂ% lg}oi’ﬁle Elgtgr'amp 4, éﬂhggatfe%ﬁvehfchpﬁ%ggfo hﬂsﬁov%rg %1%3

and is disp In or plvoted toward ce plate 2 so
t hat the %ﬁfeqle@moenl%“ﬁéﬂb?@@gmdaﬁmb@@h@égéi’mﬁusm%thﬁ@ﬁmtch 86 wher eby

the 5resj ﬁiﬁﬁﬁs &H@ﬁ@@m@é@%@@ﬁﬁg&mwn&m%aw &u%gw&% ggu;l_s%?’ The

engagi ng ans at the edges of the b openi ng7 he mat chi ng

engagi ng %ﬁ?ﬁme@ﬁlt@f?ém%&@@fa%@@bglof %e@t@@f’ﬂ?@‘i‘ﬂl %WE@GM may be formed
so that theoghiesofd podiRdul e 74 is passed substantially at a right angle
into the second region 80 of the battery opening 78 and is then displaced
:’;IBOE/ Qe pl aonr%ta}?lfﬂlctsgcﬁ(ct 86% ? thE ng‘cgrgmg glgdu e?ﬂvulltgglra(ljlr;ng%;mé rrrllgansear}g f%rgrgerérl%n s described

edge of the battery opening 78 as shown in Figs. 19-22. In the shown embodiment, the

20  engaging means comprises a pair of grooves 82 and 83 which are arranged opposite to each
other at opposite edges of the battery opening 78 in the first region 79 for positioning of the
battery. These grooves 82 and 83 serve to retain the socket 81 against displacement in the plane
of the face plate 2. The engaging means further comprise a pair of tracks 84 and 85 facing each
other for retention of the socket 81 against displacement at right angles to the face plate 2 into

25  the shell 1 and a notch 86 for retention of the socket 81 against displacement in the opposite

direction.

For engagement with the engaging means formed in the face plate 2, the socket 81 of the
electronic module 74, as seen more clearly in Figs. 23 and 24, is formed with laterally
projecting ribs 87 for arrangement in the tracks 84 and 85, and with a cam-like, backward

30  projection 88 for engagement with the notch 86, and with protruding resilient lugs 89 for
location in the grooves 82 and 83.

When the electronic module 74 is arranged in the face plate 2 with the battery lid 73 pivoted
out to the position shown in Figs. 18 and 19, the parts of the electronic module intended for




10 Preferably, however, the socket 81 is passed at an obli %qv[ag%jog into
the battery opening 78 w th abutnment on its edge at the notch

wher eupon the socket is pivoted into place and fastened by engagenent of
the resiyiosisdzugs 89 with the grooves 82 and 83 andp@fippohigszoddr Oj €ction 88
with the notch 86. In this design, Qe end of the tracks 84, 85 and the
correspondi ng ends of the ribs 87 be formed for nutual abutnent and for
retention of the 15 socket 81 agai nst di spl acenent in the plane of the face
plate 2 after nounting of the socket in the battery opening 78. Wen the
el ectr on| grapgsgient & Weishels] wndprdheclecetpiats® kehtbe kienal propgssed Spnd thtelepkodk b ent | ugs 89
can be %ﬁ@é@ﬁmmﬁ a'ye%e%ﬁga %’Emﬁ&b&ﬂ%ﬂtlhﬁe%ﬁé?‘g?ﬁm@@plé&ﬁl 83 by neans

of a suita t ool wher éupon 't he socket 81 is pivoted upwards with the
back edgewithe s 875t letirades 84 gnd 3 andys Gisnlacgtin grpiypted fyyards dic gl4Beof§F t he

proj ecti Oﬂce%tefj s@%akﬂépr@;@&ﬁﬁ@ﬁ‘ﬁﬂkué@ﬂn& ehé&@enﬁbﬁiﬁ{htﬁaﬁmﬁ:ﬁsé PRbeni B socket 81
can be renoved fromthe Tace , her conponents 76 and 77 of
t he eI%ctlfeﬁl*ﬁﬂblugsr?’ﬁélﬁ?@g%&“ﬁthﬁlelg’é"’}’qsﬁ%@83%)ut fromthe interior of the shell
1 through the battery opening 78. This design, where the socket 81 can be

pi vot ed imeaﬁgig@yﬁle@& atitﬁeﬁggl@&;jtﬁé Hakery &peﬁﬁ@ﬂ'd%n@-{hb mmmﬁg/@]gdgmmd 55i nce thF
~ engagi ng t hi.s ign, rt frombejng for conpactly,
do not re erséc é&&g@gwﬁapgﬁ?‘i’ieeﬁé?ﬁgg “’f‘arqé“ 6@@#“@%" “FPF'S‘ 7%18 region 79
at i nser t pagdd subsihti a0y fdht angleent6BE sogond adgioh 9@ of sy tattdry openifig 78 4nd ar ovi des good
retention_of..t t he.resi |ent | ugs. 89 ect into the
regi on 79th‘f’nodHSPG6°§|”’ttﬁ%ﬁ?ﬁ‘w}%?%f’wgﬁ%fzﬂf?r%vﬁ}on OR B ghepeegsmt 355 éflbg{ ?’h'uat provi de a
st rongo f aRtfenbin@owdvet, the skt Reis pamd apene@blépe anglcsnwme batlesydpakingi’/8 0t i ng out
after the t|n The .r.el at. | ar h lient lugs 89
proj ecti ng mr?f]t] tﬁeltsreéieatmﬂ'?gtc}é%beg?{errfﬁp? an"'eSS‘st Plytg%%‘{]toﬁaag@&rermval of the
socket Sﬁamm‘amngvgcmg@fﬂ&gwdmahma%wﬂlmmm@&sSmny&?wﬂ@ﬂw easily by a
(el ativel ysiml Mﬁm@{mm& o e ega%@éﬁasm&mﬁ lsslilifpd U0 89. Fig. 21

shows an ernative desi engagli ng neans at e edge of the
battery opersperging p8ls of theuhgrsés ovebe feliméfm nB@albbtmmglt iué;fwa@@dmb«;f thepwar dl y

cl osegy r s%@l&?ﬁsa galft dibghedt ”TB%{ep%Qemfa%ggétezmr%ﬂmémsﬁ’&ylﬁpOZ/ 03306 21

enbodlnent e grooves 82 83 open o downwards” i nto groove tracks 83a
whi ch, asﬁwhWWNww¢mwﬁ$g 20, expand fromthe aperture. This design provides
good engagenent of the resilient lugs 89 preventing unintended pi voting

out of engagRiRMcronyRdiR 4 ﬁrféiﬁbdbdmth@ﬁeaﬁ[?aldeﬂagﬁgh@glugmm&ues shown in
Fig. 22 wherein the second {Wetgl on 80a the batter Eenl ng 78 has a
t

t r uncat edelipsedfEeratisipersasrment it thg grogues Bl pgd é%bymnﬁqﬁésqﬂ%%%fﬂ

whereupon the socket 81 is pivoted upwards with the back edge at the notch 86 as the pivot

20  point for release of the projection 88 from its engagement with the notch 86 so that the socket
81 can be removed from the face plate 2, and the other components 76 and 77 of the electronic
module 74 can be lifted out from the interior of the shell 1 through the battery opening 78.

This design, where the socket 81 can be pivoted in and out of its position is especially
advantageous since the engaging means 82-86 in this design, apart from being formed

25  compactly, do not require space for displacement of the socket 81 into the region 79 at insertion
and removal. The design at the same time still provides good retention of the socket 81, since
the resilient Ings 89 project into the region 79 for positioning of the battery and act as levers
that provide a strong fastening of the socket and prevent its unintended pivoting out after the
mounting, The relatively large length of the resilient lugs 89 projecting into the region 79

30  simmltancously facilitates removal of the socket 81 since the lngs 89 are pushed out of

engagement easily by a relatively small use of force at the outer ends of the lugs 89.

Fig. 21 shows an alternative design of the engaging means at the edge of the battery opening
78, the grooves 82 and 83 being replaced by upwardly closed recesses 90. In avother




are replaced by inwardly projecting, arched ribs 91 at oppogiNg, mjges of
the battery opening 78 retaining the socket 81 in both directiions at right
angles to the face plate 2 by engagenent with grooves in the socket 81

i nst eadwofoabiegssri bs 87. As shown in Figs. 23 and 24, pdiaeropifdée udi ng
resilient lugs 89 fromthe socket 81, may suitably 10 be forned 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 they
contact the termnals of the battery 93 shown in Fig. 28 when the pivotal

lid 73 i serhedipes, the gewss Foed $3 @wouw@weﬁ%mwrerqvwgackq@éa ghiegh 83, the pivot al
battery | ivdwd & FigS 20 e}t RN SRR, trlis a&fgn §ﬁ@fﬂ@tgo&ﬂeng£gemgnhﬁﬂ@ ectronic

nodul e 74 by the socket being fornmed with hinge bearings 94 with hol ders
for a 15”?51\{%1”95“ WW%WW@‘?@’@”W&W%P%&W@%CKS 96 formed at one end of
the battery lid 73. To retain the battery 93, the battery Ilid 73 has a
partiall YAﬁc)ﬂiei“ aeHot@aht ofk bng@ng&iﬁaﬁlﬂéhﬂﬂn DR, Zﬁﬁher&ﬁﬁsiecdhaﬁbgﬁﬂﬁ(}aﬂefi ning a

batter 9to ction nges 98.
One te m % ﬁgﬁg{kﬁ? %ﬁ‘ﬁ‘ﬁa\%gﬁé Wﬁ?“@%%ﬁ“@&ﬁ?@@?g gﬁéc’al s formed as
a pol e buirt aplacedﬁjama&dsrlpmjmungnar&:egnbs% ,at a@paditd diigesay the hatedyopdningaB| 97 at one
- side of th 2 i th ht .an ul ar edge

101 whi chr‘ﬂ"g%t\'fr"gtm()rréeé‘?:ttsl1 ran(igrrﬁe‘é{10 tat%%% t[‘)’gtfe}tqd%cr@ ;Pl,a‘% XF%S% t“h@ pol e button
100, but pwovedipihekockéi®l natbddet the s &7ur ned t he wong way, prevents cl osing of
the battery lid 73. This prevents insertion of the battery with an

i ncorrect n I @9%:@ ﬁn%y'}%% Hpttery lid 73
is for nedAgm&%)ﬂ“n% Z?Iq%dnﬂetgggkghudﬁ%p %h{s{lﬁ% cso\séll&gg eﬁedge fl ange

98 whée e betfernsdwish b@wﬁa@ﬁ@@mmﬁﬂa@@daﬂ%mﬁwmS@qiﬁetéld@dmss| on 102 25
provi di ng,:0QmJ B ﬁ&%&%&eﬁ%ﬁ%&m@%@h&@ﬁa@&h@a&ﬁﬁétérinﬁlal? ckthes Closed, the

C|rcular-sect|on sh g I anges abut the exterior of theface
plate 2 a‘P"@Eiﬁ&”hﬁt‘!nﬁ’d?& é8 v f@ﬂ@ri’lvﬁ*@”’ﬂg3lséﬁ§iﬁl‘i’sﬁfbp%’é‘% ect positioning of the
battery 93 at its insertion into the first region 79 of the battery

Opetni ng 78s shfﬂﬂ/ﬁﬂ]gag‘%@htﬁﬁymefuﬁgalﬁﬂﬁ@lﬂ"?@ls%ng?—c&ﬁ?dﬁ ttaﬂldiﬂoaﬁﬁsldi;[frsf ‘é“bt Eout
pI’O rusi ons or e I nut act.ur.l e eari ng
aid is simpreteteny ngﬁ% P%é@’“ftf’ téﬁ‘i‘ﬁxf” °‘B'fngi v g‘ﬁlﬂ BRts of the

heari ng apldwmﬁch@ﬁa:lghgémmfugermﬂ.%z&mwo&&%ofmawmz% PCT/ EP02/ 03306

22 As shown in Figs. 18, 19 and 25 the design of the battery Iid results
the pol o BreRmpaoRubf eyl i f sl EARR L R Pl B R S (Rereto o
t hat at closli0tndflcfinlg abaitetyepace P9 wgethehmeitit camnnrrsadt!sn-dzapeddﬁgeélengey br ought

98. One terminal, usually the negative terminal on the battery 93, is formed as a pole button

100 as shown in Fig. 28, and the cylindrical wall 97 at one side of the baitery lid 73 may be

- 20 formed with an upright annular edge 101 which, at correct arrangement of the battery, encloses

the pole button 100, but which, if the battery is turned the wrong way, prevents closing of the

battery lid 73. This prevents insertion of the battery with an incorrect polarization. In the

embodiment shown, where the battery 1id 73 is formed with edge flanges 98 at both sides, the

side of the edge flange 98 where the pole button 100 is placed is formed with a depression 102

25  providing room for the pole button.

When the battery lid 73 is closed, the circular-section-shaped edge flanges 98 abut the exterior
of the face plate 2 around the battery opening 78, ensuring correct positioning of the battery 93
at 1is insertion into the first region 79 of the battery opening 78. Advantageously, the face plate
2 forms a plane disc without protrusions for the battery lid whereby the manufacturing of the
30  hearing aid is simple cheap, and insestion and removal of the components of the hearing aid are

easily performed.




‘into contact with the integral battery term nals on the re§bIM§;50d5ugs 89
on the socket 81. 5 At the closure of the battery lid, the art of the
~partially cylindrical wall 97 will furthernore be pl aced up against the
socket ®hophahise the renmaining part of the circunfergntiabossurface of the
battery is not enclosed by any socket that would take up space in the
interior of the shell 1. The wall o the shell 1 can be |ocated very cl ose
to the battery so that the shell can be fornmed with small dinensions. 10
In addition to causing accurate positioning and retention of the electronic
nodul e i nAs ghoarh indigst 13, 19 4né 25, e desginaf ibe Rattedy fid rsdt kiedeteBibn githyioitery t he battery
“termnals i I ation with

t he hi nge%agégf'{ gég&?ﬁ%ﬁﬁ%%\%fo éa%g%legglu?'g&g 1éfoclfm gﬁlg derl}uﬁﬁmg%ttery during
cl osur e obatietyepipsitet tharsfo Mthhtatlchsttrmfl@lb@f@tm@inthctmdm @edltetﬂybmuehtophone 3, as
it appear s directly
connect edﬁ'tvﬁo(?h&‘%t%gﬁ@%k%gai%‘%&i ﬁga&%%cﬂr% B%‘%u%l%?onéllgseo%g}ﬁrfround| ngs through

m crophone ports 103 and 104 fornmed in the socket 81 and the battery |id
73, rebpedthgepsgre of e batigriidy fha rainipa b Bie periiadly cxdigricel WIHREYH r egi ster to

provi de Wekhe A6t bORGkeS QY MIind 86 SoRet 8P, whilEthe Fhfifn Bmth%wéuﬂ]f&aﬁalenbodl ment
shown, the m crophone port 104 in the batter% |d 73 1s .fornmed as an open

slit whi cririaespf e betierynmalencloped by gy syeketdhat ouldipkeipeprcn s terierigset ery 1id 73.
20 As shom@sﬂenzﬁwmﬁ@fthetdﬂalﬁdaﬁﬂ@bca&ae&?m&o@euutﬁe@ssmm@rmaﬂmﬁﬂ er circuit
of the hearing_ aid is connected via flexible wires 105 to termnals 106 on
t he socke?efﬁ“edéi’ﬁﬁsre@rq‘%%ﬂb‘ﬁ‘ﬁdl ngly, the telephone 6 is connected with the
signal processor 9 via flexible wires 107. This allows the npst suitable
ar r ange mehiaddifiorth aushmajrat@pmaﬁmnd Brteatiah of the elbadonip o i6 relarior tae

i ndi vi dual| apt s, 29 lustrate an

enbodi men{h g@ﬁ%ﬁ%f%tﬁﬁsgc rt:é& S"‘P\‘/xérrt‘v’?ql15 t@ﬂ’”é% ngtrh%'%gﬁtr\(/’%lr &fders 81l in the
f or m of shmcﬂy,mdmcummtmvﬁthﬂsmmgedhamyﬁdmmdﬁqs aisevtue gtitkeg offteer i or of t he
shel | 1. tta&fd Qio‘{u:eé’éthebg ?P;dh& hree protrusions, such as four protrusions,

are provi aa Erecer Vi ng a hol ding the receiver 6 in such a way that
mechani cal vibrations generated by the receiver 6 do not gropagate to the

heari ng alndhesdiesirniq mesinleghevaicrophpne & apit anppres pagighlpthfram Kgs1 18, £4d3idg e. g. 30
unwant,;ed ﬁ@?sdm%%oﬂa&téatmﬁ&he%&am QldQGmﬁﬁﬁu%&E%thEE%om mgglnSI on of the

receiver 6 between the receiver ders rovi one or nore

flexible m@onewmé%andr%aﬁ@ﬂ@rl%w soel@h%l andﬁleb dfdﬂﬁpgesa%évemﬂ ching the

recei ver f@pa Qﬁyaaﬁsgmeﬁhd tﬁ'@sﬁgls&% PRARE woll- 4] dobhil BRssBPme0 May 2005 WO

02/ 078233 PCT/ EPQ2/ 03306
microphone 3, In the embodmlcnt shown, the microphone port 104 in the battery lid 73 is

formed as an open slit which can be cleaned relatively easily by opening the battery 1id 73.

20 As shown in Fig. 23, the signal processor 9 with the amplifier circuit of the hearing aid is
connected via flexible wires 105 to terminals 106 on the socket 81, and correspondingly, the
telephone 6 is connected with the signal processor 9 via flexible wires 107. This allows the
most suitable arrangement of the signal processor 9 and the telephone 6 in the individnally
adapted shell 1.

25 Figs. 29a and 290 illustrate an embodiment wherein the receiver is inserted in receiver holders
~ 81 in the form of shell protrusions 81 extending inwardly into the interior of the shell 1.
Preferably, at least three protrusions, such as four protrusions, are provided for receiving and
holding the receiver 6 in such a way that mechanical vibrations generated by the receiver 6 do
not propagate to the hearing aid shell T or other parts of the hearing aid 10 causing e.g.
3¢  unwanted feed-back or other disturbing effects, Flexible suspension of the receiver 6 between
the receiver bolders 81 is provided by one or more flexible bands 32, e.g. made of silicone,

surrounding and clutching the receiver 6 and having at least one bead or protrusion 83




encircling the receiver 6 providing a safe and vi brati on abgqghj fighsnounti ng
of the receiver 6 in the hearing aid housing. Fig. 30a illustrates a

recei ver chanber 80 that is adapted to receive and hold the receiver 6 in
such a weX2biaads nmechani cal vibrations generated by theyg@emisyer 6 do not
propagate to the S 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 suspension of the receiver 6 in the
recei ver chanber 80 is provided by one or nore flexible bands 82, e.g. nade
of sil i coffsireling the pegeitraf REpViding 2 saf And Ribrgon gheerhieectaqupiéns néfhawaelwaérnng
protrusi ops hédnPhi€hdatiap! y positioned at the corners of the receiver 6 and
extendi ng towards corresponding corners of the receiver chamber 10 80

t hereby pro saf e and vi bsorbln of the receiver 6
in the he ’lglgfl?ﬁmn%[ %S?\E?ﬁeé\’ﬂﬁ% 26@\ 00 EPEYR Fﬁi‘ﬂ‘éﬁ)’?‘g %40 nel ude a
m)d;al of tidika m?aﬁatmchtaﬁwdl didrations g@hrd aiasbyithé eesﬂf ert;fmo nocjsra;ﬁ@aeertp ﬂﬁhellh ¥

pro ru |o s. e e e efera ve ol ders are
Pt ommbi chigg el Do ober P or reBBimiag pid 40 bl Gr bavlnd® b Bt o (&) Snove
Cross-s ecﬂmto:rbmg effectsaks fortisr itndroted iy 30bothe ﬂéxﬂ)lammnsloabf tharecchantinl 8.

o L1 00 e LR Ol LI R SR (0l AERU R 40 SLRAAGILR, T “be

sel ect ed, gn sys & 5T 0S8 SE on may remain
const ant aimmgmglami quhhlgcﬂfcr@cbneer 6we¢1hminapmmmh&imé¢rat@y posihiencd pidles - sect i on

may vary 'f:u@??to?&@ Bl}e%gﬁﬂgigﬁdﬁfgfl og&;‘és cbﬁésfogﬁﬁr%gé’o%ers'o@ Rl f&ler ahfindchi-eve a

| ow pass et nS|ona conputer nodel of the
20 seliect edtherehytprdvisiniz@mafe indivedtion sbsdrbingrmelntingpf e aedceitke d i the hepwingnodel of t he
shel | . Thgyg gnents of the hearing aid, such as a receiver, a

m crophone, an anplifier, a telephone coil, etc, may be selected fromthe

data base 15 with three-dinensional nodel s of the respective conponents.

The sel ecTrdCA¥RAMRERRIS adpptedie inpludsp modeofdhs rprsiyrriplderedtis e KicFiV¥he shel |
nodel  f or b "I prR@Sibis] @) intee BN LRl PRIMEHEHE BceilthoRdk kienal col i sion

control. The 05|t| on th ang sha e of 25 the ventilation channel may be
further nitgo4 %‘@YI"‘%P"B‘?H af"’l?‘:tﬁ ’reFﬁ“fe optimumutilization of the available
space inside the hearing aid shell. In enbodinent (a) the ventilation

channab 8Figas (i)t(8) shewsnrosdettionstofdarions eutiodichearestthe(voptildtbechwenal 8. | at i on channel
venti at1 biiokpnfef ¥t e Sen foltRlonsliomy s B B B ehes 00T WA Thi o
m nim ZesCADEMH@Y&BSﬁtemdﬂleenbsmct'tohmaylﬁmtiihlcaisﬁamralonmcﬂpaﬂi of@) | eavi ng nore
room for ot hiefond0 O TPANGAL SRl A0S DSALLNG By i hndifle 820, BR8N (Nl

ventil ation c anne a cir S- I"on e a volune 19 at
t he t r anstotacioeye b bvwpesafiltehasfest lobdohndnd tHrecadimdensinm] sompbiet médelefitbehannel  wal |

that '2§ déeieue&:%ln&]atiog cﬁhtnhél is%‘grmefﬁld %R’Mgﬁ 1]1 fhe Elog’el of?ﬂle Silgﬁ 'Theacoﬁlgéﬁ@ﬁtf or

rectangul ar cross-sect
of the hearing aid, such as a receiver, a microphone, an amplifier, a telephone coil, etc, may be

~ selected from the data base 15 with three-dimensional models of the respective components.
* The selected components may be displayed as positioned within the sheil mode! for optimum
positioning of the components and optional collision control. The position, path and shape of
25  the ventilation channel may be further modified in order to permit optimum utilization of the
available space inside the hearing aid shell. In enibodiment (a) the ventilation channel 8 has its
own wall, and in embodiment (b) the ventilation channel 8 is partially integrated in the wall of
the shell 1 in that pait of the ventilation channel wall is constituted by part of the shell wall.
This minimizes the volume occupied by the ventilation channel (8) leaving more room for other
30 - components of the hearing aid. It is also seen that ventilation channels 8 with a circular cross-
section create a volume 19 at the transition between the shell wall and the ventilation channel
wall that is diffcult to utilize. As shown in Fig. 31 (d), a square or rectangular cross-section

minimizes the volume 19. However, the cross-section shown in Fig. 31 (c) substantially does




m nimzes the volune 19. However, the cross-section shown |@£E5 03l (c)
substantially does 20 May 2005 MD 02/ 078233 PCT/EP02/0330g not create
a volume 19 that is difficult to utilize. Further and if appropriate, the
venti | annel 8 may be fully integrated in t 1. A hearing
aid she Iq,? v?n%f}h a tightening ring 86 is illustrate |T?1ﬂ|q:)|hlg3.3&§2. In Fig. 32
(a), the shell I is shown having a “Qroove 88 extendi ng al ong the sel ected
ti ghtening contour. The groove has a 5 cross-section with a shape and

di mensions that match the desired tightening ring 86. The shell | with the
ti ght eni ngpt ricsign BBmwdA it diffreul aitiipeotwier 881 if appeopidan the menfifation 32 (b) . As

al r eady i Hﬁﬂﬁ g provi des an appropriate,
confortabggﬂ%HP eca&ruggméEgr en@%&glﬁhﬂthe shell to the auditory canal when
the shell is nmounted in the audltoz% canal. Fig. 33 illustrates a

nmanuf act uAipagingd sl 1 Fitk o Heltoaing rige § %ﬂlwfé@‘blﬁflﬁ 3 Bl dhahfiertlld t he face

10 pl ate 2 ghownBRRR BkRbysyBREACHME 8d éléaﬁh ngtea&gemm& tr8Y Yo RRIaNg 78.
Preferably, the plate 2 also conprises the engﬁlgl ng neans. The shell 1 of

the hedri ﬁgss-ﬁcaﬂwﬁlsq shepe pad %@%%éw@ﬁdﬂbfpdeafed eningyrigg 86 Fhe shelpl ;5 ng

stereol i tWﬂgﬂh@@@ﬁmnﬁﬁtﬁﬁIﬂiﬁntlecﬁﬁiﬁfc,grdoﬂﬁ%fidshﬁmhﬂgeﬁ B A®siready0SS- secti on of
the shell 1 surroundl ng.the battery openi gfq& al.ong the pregl ously
ofyal nﬂg

sel ect ed JieteTstdhe {8iTRiBE FERrovidRLan ARt fo %@éﬁﬁ@mﬁ&%e not her

enbodi menghe eHeil foltg: audisoSitah4d W&l IEMRel ifmingd indde audifdrycagalpart 92 of the face
plate 2 including the battery openi ng 78 is separately manuf act ured. The

ol anflerRanRER? AR HemaratS ol it i e SRR BB o T nce

pl at e 12 aplbta? beepataplyananaiberistd ingudidze bste:pazlpan@’}s% refoubipdlicpiated gart 92 | ayer

by |ayer n part. As
Shoun. ¢ n@ubiFs ik FRbe iy, FBtbli 1 ek iBn) EHELEE SPRGcalylbn 0, PELL

heari ng aplete heigsvsing sismoltﬂmaphmw@bybver dherfust Biyoi0 of creshescipmof thei s sl i ghtly

| arger th ' f m

propagat i oot (ot ROg i SuERL A Bachi e pRidury HlcElmedn LB I on the
ci rcunf erm@gammwa ernatively, the shell 1 may be fornmed starting with
the end 96 opposing the face plate 2 as illustrated in Fig. 35. The

i nt egr @t ef sh@keL e Bin®ntdf 1S idvaioh Sk er ry. ﬁboﬁﬁamloﬁﬁeﬁ&ﬂj@w ng a 25

circunference matching the circunference 94 of the separatel quEroduced part
P

92 of themFE‘H’égtbq"&ft‘éyQPB’“P&ES%&P@m@ima@fﬁﬁﬁ?ﬁt%ﬁ’éﬁ%ﬂcﬁwg‘ﬂ t he opening
98 for at bpchomdd id e ﬁemglamthe@ru@trﬁ»del sh@d@enqliad 4 Rousifisis produded wiat ed, the

integrated face plat beta ered so that a_light b ropagating
verti cal | > PiEaEsdeces @%aﬁf‘%ﬁdrtﬁf’rega tf%%esﬁﬂ’aéﬁ*‘év‘?ﬂ‘ﬂﬁﬁt“ﬁ% gi every point

on the layer, the first layer abutting the circumference 94 of the part. As shown, the circumference 94

20  is tapered towards the outside of the hearing aid housing so that the outer dimension of the part
is slightly larger than the inner dimension of the part. Hercby, a light beam propagating

vertically towards the part may impinge on every point on the circumference 94.

Alternatively, the shell 1 may be formed starting with the end 96 opposing the face plate 2 as
illustrated in Fig. 35. The integrated face plate 2 is terminated with an opening 98 having a

25  circumference matching the circumference 94 of the separately produced part 92 of the face
plate 2, the part 92 is positioned and fitted in the opening 98 for attachment to the integrated
face plate 2. As illustrated, the integrated face plate 2 may be tapered so that a light beam
propagating vertically towards the integrated face plate 2 may impinge on every point on the
cirenmference of the integrated face plate 2.

30  Fig. 36 shows a cross-section of the shell opening covered by the face plate 2 seen from below
the face plate 2. Fig. 36 illustrates various embodiments of the face plate positioning means 46
and mating shell positioning means 48. In Fig. 36 (a), the face plate positioning means 46 have




circunference of the integrated face plate 2. 30 Fig. 36 shgwga@o00s
cross-section of the shell opening covered by the face plate 2 seen from
below the face plate 2. Fig. 36 illustrates various enbodi nents of the
face plaoezpasdsti oni ng neans 46 and mating shel |l popifk@RoRg Means 48. In
Fig. 36 (a), the face plate positi onigng means 46 have 20 May 2005 WO

02/ 078233 PCT/ EP02/ 03306 25 four rihs 47 extending fromthe circunference
of the face plate 2 along the inner surface of the face plate 2 to the
battery openin gnot shown). The shell positioning nmeans 48 have mating
i ndent at i 8%‘1%“‘4487? naﬁ@nﬁaamﬂé#rm of ghedigop plaig A dlongithe inner psfapecf Bect i ve ri bs
47 of thefat@ﬁﬁepdo@;&aeﬂopmﬁg 12368 syl @nohlrPooitibnidll A 4B iclplit! | 0N cont our

50 so that it matches uncti on cont our he ribs 47 are received

by the maitfenjtionsd detars @ﬁ@%reeﬁﬂvet%m@ﬁéhq respeciye flsidy ot feeedlate Zassenbl y of
the face phahd pitc@Nslout Ri6n fﬁ:ﬁlﬁhﬂcn&l do§t01fr§§ bd thit@lobhes!td ifilcfbn cSRore D) . the face

pl at e p03|t|on|ng nmeans have nibs 47 al so extendlng al ong the inner

surfacé ofbaufie sdkasiessvwdby Qﬁ@a@%ﬂ@%@ﬁﬁs Probibe theld | oheysPEFence 50 of the

- face pl at gssaiblyor it AlAG e ahd BBLEINELs Glctiaedf erence 50 that is substantially
equal to the thickness of the shell at the 10 junction contour 50. The.

shel | posi t.ionj ans 48 have c rise the_shel | at the.junction

cont our SB{IJIEF ﬂ%&?% ac8 Plate o ngﬁgpﬁé%ﬁ%“#ﬁ%agﬁﬁﬁ%ﬁﬁ?&%égf T 50 so that
it natchealrﬁadfmef]helfac‘iplatazmmth mhngfﬁﬁltudh&f mﬁf&enfcﬁﬂ?i&thﬁf?]chlbmtemd)_sr 47 ﬁbﬁ t he
cor respongli e ner_.sur e, she : she

posi t'i oni %‘g means‘t‘hﬁ Ve ncﬁdtgméubﬁ%?q @(tfftp%@‘c%%s oé’?c%l{eﬂ?ﬁqge junction
cont oup Sfneirt ending. ThmbﬂlldsbgmdmmdsMk:ﬁecmPasdtbmhdﬂﬁﬂmmﬁmhl 1 for
B i bt S A
the indi mnmmaﬂol“gnela@agndeeﬁbﬂﬂﬂs 7 @utthmmsam@nplpatﬁ OZﬂlﬁamr@m'&dleo the shell 1
and forneg, acs9rslh o m&Eg d aand its
I'tinge coﬁlﬁgnc??gﬂ v%lgll &1 et 0 ﬂﬂlgwgfﬂg%éta?{)m &?SQ’%L}# gmgt% al l ows an
ext renel yC‘@bee‘iﬂleétmdﬂanwﬂéﬂbﬁquﬂ@hm*ﬂmra&fﬁlﬁlﬂﬂhé;fﬂs sgwtitremd ppldike a very 20
conpagt dgskQbndid3dice plaleQiS47ranuf act uri ng of individually adapted in-the-ear
hearing aids of T“reduced dinmensions. 20 May 2005 26 CLAIMS 1. A nethod

for conputer. contralle roductjon of a hearing aid housing with a face
pl ate P The des(i:gn described alcai Jgof the modular hearing aid accordmggto the invention Mthgthe

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

shell contour, the battery lid 73 and its hinge connection with the socket of the electronic

module 74 allows an extremely expedient and economic manufacturing together with a very
.20 compact design that allows manufacturing of individually adapted in-the-ear hearing aids of

reduced dimensions.




havi ng engagi ng neans for receiving and holding a hearing a %g}ogmnent
and a shell that is matched to the auditory canal of a user, conprising
the steps of. 5 acquiring data representing the shape of the auditory
canal, formng, in a conputer and base? on the data, a three-di nensional
nodel of the shell including a shell finction contour encircli ng the shell

for positioning of a junction between the hearing aid shell and the face
plate, and-shgld pPositioning neans, formng a face plate nodel including a
face plate junction contour adapted for matching the shell 10 junction

.cont our and fac@mp!ha@@rmtei@nﬁrﬂlgdmeéméora@:faﬂm@dg fiid housing wigh mépoe plate shel |
posi ti oni ngABaRaging ﬁéaggfépfe%ﬁélﬁdﬁglﬁh% 1@&nfp91€enls£lﬂlalshm ks and
produci ng the face plate based on the face plate nodel. 2. The nethod
accor di ng Hacher i ths apditorygans| of 2 vsempAisigthe HePsefieps of transferring data 15
repr esent Id&@;lﬁmafaaéiﬁesﬁ{uﬂéﬁekﬂdp@&ﬂﬂﬁmuﬁgﬂl@ﬂﬂ to a nunerically controlled
machi ne that .automatica separ at el nuf red fa pl at e
Rocor di ng Pripha T aeRgian wsrl i e O gaisoge mda S R HOEBRA, ng t o
claim 1, wherjenaios fratohaaeirgih@the shed $irpostivining oﬁaanmmchmqmn gefearihg aifl @Bt one
face pl ate nHFh%thc%'ﬁfa %@Eheﬁgf?sirioﬁi'ﬁgﬁl &grface of the face plate, wherein the
shel I positioning neans co I'ses’ indentations that are adapted to
recei ve arfdmiigg aefhcem}ﬁée ragdel ie@giing@rfecefm@eur}snm qenigyratapiedifematching tieshellher
conprit® NGuidien &)‘i'foﬁ‘r aQIi fa@é‘ﬁl&t& tﬁﬁ% ﬁm@ﬁx?acﬁkt@& for algﬁ)g%gg thd\Gell AfsRioRhPAh&nk UNCti on

contour so that it junction contour when the at |east one
face plat é’r?ﬁ“6‘f1$@§i“t9ﬂb%i;?‘é°“ﬂf“é%‘éli’i‘}%@flB‘}dthe mati ng i ndentations of the shell
wher eby cairéducihg e BeFlhy bREd dolie: thae@idthaee and the shell is facilitated.

25 4. The method according to claim1, wherein the face plate positioning
means conprises at |east one face plate protrusion at the inner surface of
the face glate Ttemwihndiadcﬁrgingto chuirdl il Stuatrre eonfpriging the higps of eamsfirkieg émnce of t he
face plsat g, AL at the
shel | qu un C}%r%%%m%%e?z}oégﬁltm%g}ﬁlat nant&Jq lt{)azlrﬂﬁn%n:%lnf Fonﬂbl?eﬁ?:%aﬁ?eﬁﬁat El.ngma%caﬁﬂg

const i t ut edtsigypepatstelyghpahfactered @h@lﬁﬁ@cﬂrrdmtqthﬁrfeqelp@mwmmntouﬁ The met hod
according to claim4, wherein the shell positioning neans conprises
protrusions at the shell junction contour extending inwardly towards the
interior of thehsmithpd scsprding olan | ovheridhhidredilarposiBeniresprondiongrifcatte pl at e

pr ot r usi ongast 08 fad&plMBYroREdba at B inner surface of the face plate, wherein the shell positioning

20  means comprises indentations that are adapted to receive and match the at least one face plate

protrusion, and further comprising the step of cutting the face plate along the face plate junction
contour so that it matches the shell 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,

25
4, The method according to ¢laim 1, wherein the face plate positioning means comprises at
least one face plate protrusion at the inner surface of the face plate terminating at a distance from
the circumference of the face plate that is substantially equal to the thickness of the shell at the shell
junction contour, and wherein the shell positioning means is constituted by the shell at the shell

30  junction contour,

5. The method according to claim 4, wherein the shell positioning means comprises
protrusions at the shell junction contour extending inwardly towards the interior of the shell for

reception and holding corresponding {face plate protrusions.
35




6. The method according to claim1, further conprising thejshgpsogfs form ng
a three- dinensional nodel of the face plate matching the shell” at the
shell junction contour, integrating the face plate nodel and the shell
nodel into one three-di nensional nodel 22f t he hearing aid housing, and
produci ng the hearing aid housing with“an integrated face plate based on
the nodel of the 5 hearing aid housing. 7. The nethod according to any of

the preceding ChRintod hbblaAgto & [éuﬁﬂésgorﬁﬂa%ngﬁlga&s%fonﬁﬁgQﬁ&éqng shape,
di mensi ons, and position of at |east one mcr OE@qne openihg 1 n the face
plate and dipgnsiondimege! 4T Hefeq piae mathingthe shelhastheshell ipctiensRrreinsBERAISTEE | n t he

face pl at efassted modkOand the Hil mibREINRE 005048 Gilndkidn nfola@ioMnd heakik 4l BdusiGQNPT i Si ng

the step of calculating.directional characteristics of mcr ones

posi t i oneaangﬁ’mé‘bﬁ"}gg%‘ﬂt?%?ﬂgﬁ@ Wesphn e g plate basedonthe %ﬁ@,mm the at
| east dne lsmdngepttongngopeni ng and sel ecting positions of the respective

- m crophone openings that correspond to a desired directional
characteristic. 15 9. The nmethod according to any of the preceding clains,
further cohpri sthegnethodacsordipg toghy offh¢ predeiling clsima fethediomprigigthsstiepant posi ti on
of a battefjk.op ‘é‘l{ijhbé} QinteRsidd3Sinll B&RioR lbfﬂ‘att ]‘f‘eaitéﬁé Ihihl%ﬂ{oh@%ﬁ%iﬂ%ﬁlgﬁ% i pla@e{laq‘i renoval

of a battery, and including a nodel of the opening ace pl ate nodel .
20 10. Thenfiwtingadnodelad thaiptigpst e mifjorbpnerdrenigin the ficprjate madsks, wherein the

shel | 1igs produced with neans for vibration absorbing suspension of the
receiver. 11. The t hod accordin o any of. the preceding c¢lains, wherein
Lhe shel | s pr IBHEBAS FEBHRGT SO b s SRS ares s eriig Elisthod

accor di ng draraaerigticdbof inhaplmeciediiongd al catresponding mtidiethoaipRiings, regediibety, of ep of
col ouring | | our i subst ance a desired colour.. 13. The
et hod accht S miRoRaf Sieptl sRSBEATHANGE & ne RbBRa ol R Hernd™, e
step of 3bntpatespohd g detieed dirrstidnal charactpystid- shi ng cyl i nder. 14. The net hod
accordisng to any of the preceding clains, conprising the steps of:
transferring data representing the face plate junction contour to a

nuneri cal 1% confhesrethediachoging ivany efitba precadinmeleime Airthr compising hesrar of el y

manuf act u rseﬂctﬁlggﬁf)@ lideRsidh6,Gad fistlign b Hah@y bieiRg B (R fBcel pliRCrh ditRting IReEONT OUT
produci ng the sh based on t he m)dcﬂ utilising a_rapid prototyping
t echni que an%(?nﬁ%zﬁ 0 ge , and including a model of the opening i the face plate model.

20 10. The method according to any of the preceding claims, wherein the shell is produced with

means for vibration absorbing suspension of the receiver.

11. The method according to any of the preceding claims, wherein the shell is produced from a
colourless material.

25
12, The inethod according to any of the preceding claims, further comprising the step of

colouring the shell in a colouring substance of a desired colour.

13, The method according'to any of the preceding claims, further comprising the step of
30  polishing the shell in a polishing cylinder.

14, The method according to any of the preceding claims, comprising the steps of:
- transferring data representing the face plate junction contour to a numerically controlled machine
that automatically cuts a separately manufactured face plate according to the face plate junction
35  contour,

producing the shell based on the model utilising a rapid prototyping technique,




28 polishing the shell, assenbling the shell and the respeczblmgyj@ge plate,
and inserting the hearl ng aid conponent. 5 15. A hearing aid f I nsertion
in the auditory canal, conprising a hearing aid housing with a sheII and a
face plate, the shell having been pr odgﬁed according to a three-di nensi onal
nodel of the shell including a juncti contour encircling the shell for
positioning of a junction between the hearing aid shell and the face plate
and shel | pasifd@ningg means, utilising a rapid prototyping technique, the
face pl ate having been roduced according to a face plate nodel including a
face 10 pIﬁfe@b}l%ﬁfé?ﬁhﬁlhmé‘é‘fﬂfﬁia?“‘&ﬂ%‘ﬁﬁp@@ P8y mmatching the shell junction

cont our angsefiag thePbaAhgaidoshion@ni Ng means for engaging with the positioning
means of the shell so that the face plate circunference natches the shell
junction contour when the face plate positioning neans engage with the

shel |  3posist i onA hgringddBr inddtichGn th?hlehtbn@mnahgor@rﬁm@ﬁﬁ@hﬁig dighduging Wit an 15,

- wherein t A ioni ns,co east f.ace pl ate
pr ot rusi 025%211[ &tﬁ%g% ntgrtg%%r ; aaglerlgg%ntp f"?% dacc‘%wﬁt?oea \%dlmensmf' lhmoqiel oL

posi ti oni regell ineluding agpretien watow enciestingthe shald for h@tnoameoiéedmp:tlerobdvaem #eei ve and

mat ch the l@ﬁnr‘g@lﬁl%ﬁelpa'ﬂgthte%@plgﬂe%@shelpﬁogﬁlsﬁﬁﬂ H&hns, ﬁ{ﬂ%m ngrotgm ising the
step of cutti ng t t he face p| ate al ong face % ate junction contour so
C

that it nelfRREEs thybegplate Pawrbe%qpé?ﬁuef&ﬁfcarﬂfng\xm ¢ Hge a?dql waludingynfacer ace pl ate
pr ot r Ui orplas @ndion skt Aestedsr ﬁm@lrrg&ﬁd SAQl }hﬁlﬁ&moatohpdﬁa faok plhtd gos&faﬁlhé wher eby
correct assenbtl% of .the face Eﬁate and .t he S %fl %F ge{tllﬂt 17. The
hearing ai'88t¢ TEIEG G the pgpifigning meaps the shel §e thpthesfacs plpfecing i“‘t?m ng means
conpr i ses madhed thagitll pn@iof adeoupiviinahqiic@iplateiositonide nidads enpupe vits the flette of t he
face plat epoglg(gn L%r}%%ng at a distance from 25 the circunference of the face

plate that" is substantially equal to the thickness of the shell at the
shell junction contour, and wherein the shell positioning neans conprises

the shell @t thg.sb8ht ail aue&rdmg&clmns %erem%@efa&%ﬁtib%aﬁwgggcn% g:%&“ ng to

claim 17, wherein the shell positioning nmeans O"&@
prot r usi orféleat oRerfeeeplaicpratrions fedtmer wiltce pEhafcs Mvardryintkashrlrosiioning nt er i or

of the shahdans Jo&ane@ﬁ@dﬁEah&ﬂ tiefgle Rabdd tagecepé ERIRRANDIhRER tR BlaR
protrusions. ﬁ’f{% heari ng ai d according to claim15, wherein the hearing

ai d housi rPé°tf“§‘°‘i" Ther GOPRRF s the ptrp.cfowne By Geeplatgjonsih fics phrgrnction

contour so that it matches the shell junction contour when the at least one face plate protrusion are
20 received by the mating indentations of the shell whereby correct assembly of the face plate and the
shell is facilitated.

17. The hearing aid according to claim 15, wherein the face plate positioning means comprises

at least one face plate protrusion at the inner surface of the face plate terminating at a distance from
25 the circumference of the face plate that is substantially equal to the thickness of the shell at the shell

junction contour, and wherein the shell positioning means comprises the shell at the shell junction

contour.

18. The hearing aid according to claim 17, wherein the shell positioning means further
30  comprises protrusions at the junction contour extending inwardly towards the interior of the shell

for reception and holding corresponding face plate protrusions.

19, The hearing aid according to claim 15, wherein the hearing aid housing is integrated with

the face plate.
35




29 20. The hearing aid according to any of claims 15-19, comNhpi®s an
el ectronic nodule with a socket, at |east one m crophone, a signal
processor, and a receiver, and wherein the hearing aid housing is adapted
to enclose the electronic nodule, the f,gce plate has a battery opening
defined therein for passage of a battéfy and the el ectronic nodul e, and
the socket constitutes the hearing aid 5 conponent. 21. The hearing aid
accordi ng 10 cl BleReafle a0 RIMR 18 5§ oLORAY 5190, REARRINE HNNEHSHS mOAROVES:
tracks and/ or notches for engagenent with co-operating socket engaging
means f or ni2g<ehAt [FaTEone SHTbPne: 4 pEnobprocessar, pdLrptyeraitd VAR Y INEAc] ai m 21,
wher eihn L fﬂ&uﬁﬂg:ik@dagemgaaagﬂb’ﬂg tmmnfcmﬁkﬁﬁé%ﬁlﬁéﬁahﬁﬁdnh? op@figldefidt | ugs. .
23. The heari.ng aid acgordi ng t im22 rein.the lugs are integrate
W th bat t engrein o Posgael st elten e looRtaniS ey 1 sk o 4R hSaRR s g e
accor ding towensyt. of cl ai ns 15-23, wherein the shell has an integrated
ventil ati on channel. 20 25. The hearing aid according to any of clains
- 15-24, wherein the shel| has an acoustic output opening that is adapted to
recei ve ant- hol Hhedeprisgpidagerdipgar daim 28, wheppin theenedsing ot cABRTeHIPRYet 0 any of
cl ai M5 15-tdioks aMVEF idkdRest th@nsdighdnt RScoopeafilg soM@(@nkzlgﬁ%inQﬁhs feRRAAERe OPENI NQ
that is adapted to receive and hold an ear wax guard. 25 27. The hearing
ai d accordfif*t o claim 25 or 26, wherein the heari ng aid housing is
producidd with a pipe stub in the shell centered around the opening and
extendi ng j,nwargdly in the shell and.,.fqrm a bushing for insertion of the
oar wax qurd. G hete i EecfidTiete J0G 20 Hebrth Ret Sl b P BPRE o5 27
wher ei n 't hedasti@ly fesijergluds. housi ng is produced with a recess in the shell
covering an area around the opening and matching a collar of the ear wax
guard or, matching a collar of a bushing to be inserted in the opening for
recepti on %&nd %gennﬁgaléﬁccm@gémlalmé% vhaeinghe logs apgipteggobwitgatiay.  The
hearing aiemdGEEdHcALE fdh A0¥cd. Cl ai N8 15-28, wherein the shell is produced
with a tightening protrusion that extends along the surface of the shell
providing a tight seal against the

24. The hearing aid according to any of claims 15-23, wherein the shell has an integrated

ventilation channel.

20 25 The hearing aid according to any of claims 15-24, wherein the shell has an acoustic output

opening that is adapted to receive and hold an ear wax guard.

26. The hearing aid according to any of claims 15-25, wherein the shell has a shell ventilation
channel opening that is adapted to receive and hold an ear wax goard.
25
o 27. The hearing aid according to claim 25 or 26, wherein the hearing aid housing is produced
with a pipe stub in the shell centered around the opening and extending inwardly in the shell and

forming a bushing for insertion of the ear wax guard,

30 28 The hearing aid according to any of claims 25-27, wherein the hearing aid housing is
produced with a recess in the shell covering an area around the opening and matching a collar of the
ear wax guard or, matching a collar of a bushing to be inserted in the opening for reception and

holding of the ear wax guard.




auditory canal wall when the shell is inserted in the audi bomagzevsl . 5 30.
The hearing aid according to claim?29, wherein the tightening protrusion is
made of the same material as the shell, and wherein the outer dinensions
of the shell are increased to formtheystightening protrusion. 31. The
hearing aid according to any of clains 15-28, conprising a groove extending
along the 10 surface of the shell and encircling the shell having a

cr oss; segtigon W%“Hegle@mg tbiﬁla&oﬂ t(din%f'ﬁjiifﬂlﬁ]%-ﬁ%%ereiﬂ?{e?ﬁb%@s ﬂ&ﬁkf&ﬁﬂl{ai ght eni ng
ring to be.nmounted in the pr ced s constitutin i.ght eni ng

~ protrusi onfghBing BREusion fhaf ﬂ%‘mgﬁ ‘”’E"“ﬁ SP‘gﬁl"ﬁﬁfatF%Sh‘élﬁRf"%‘i’mgcﬁ %ﬁhﬁﬁgfsé%fhe

conpri si ngaudit@y cavlevait xhandlé shell &liagdtidde adiborg tinblace of the shell for

deposition of a material different fromthe material of the shell in the

groove, the deposited material constituting a tightening protrusion. 33.

The heari n§- ai ditedeasing pid gecpdingtyclai 28] vetierpin tROtigbRningypretrwsion isvale phibé t i on of

the tignt GaBhacfll 6 hHERInE A &PRODHS drenlifls oBAS ol AR ifoRbaleli s B OT Y

canal at which the dynamc variations of the 20 dinensions of the auditory

canal exhilghieningeroreat vari ati ons caused by user activity. 34. The hearing

aid according to any of clainms 15-33, wherein the shell is produced with

means for, vibragtion ahsorbing suspensio f the receiver. 25 35. The

hear i ng ai d: accHIEHPREE £8 SCPEHORR CLafTe] 2t FPHREERS EPOF PPt tgp e

absor HiOng sugucs peths stelh aralfenditebng thediel Biving @ Rfpks-S€on &ith b sipeind dimeatiadslthat

protrusions, tor, Vi N nd .hol ding the receiver, and at l.east one

resilient %ﬁlcf dfelsugegggh\zgerno rﬁg Ohbéeg}ogxg%(?legehre.pr %‘?eg%ﬁ}e{ aﬁdecénrlsiuﬁlém%?%g accsr di ng to

cl ai m 35, mtesien.n the at | east one resilient band has at |east 30 one

protrusions for supporting and suspending the receiver in the chanber. 37.

The hearin% aid according to claim 34, wherein the nmeans for vibration

absor bi ng 34suspRfi&faaine ¥ acprding feay glilaing S, ewyripipgegroee exendingaiong e

protr usi ongrf&e oNREhel fof GepbfionloB s Rlikdid 8ifdREk frofthSihnRgtial Hehd BOEH ViR erooad)d at

| east one %§¥|i§@£ band fixed around the receiver. 35 20 May 2005 31 38.

r‘.‘é’e ?flt 56

The heari @1 oBiEng T AFHREE PHE i n the at | east one resilient

band conprises at |east one supporting protrusion for abutment with the

receiver ppor.ti protrusi.ons. 39. The arjn id according to any of
o 1595 O PehRE PAAUTRR R an S cotiEr L E b B o8 O e
i nherent ind@nsiof ¢amsponds tothe pdsiopindigroditbriheaal airvghichi tob dyoansit miations of the

20  dimensions of the auditory canal exhibit the least variations caused by user activity.

34. The hearing aid according to any of claims 15-33, wherein the shell is produced with means

for vibration absorbing suspension of the receiver.

25 35 The hearing aid according to claim 34, wherein the means for vibration absorbing
suspension of the receiver comprises a chamber or shell protrusions for receiving and holding the

receiver, and at least one resilient band fixed around the receiver.

36. The hearing aid according to claim 35, wherein the at least one resilient band has at least

30 one protrusions for supporting and suspending the receiver in the chamber.

37. The hearing aid according to claim 34, wherein the means for vibration absorbing
suspension of the receiver comprises receiver supporting protrusions co-operating for receiving and

holding the receiver, and at least one resilient band fixed around the receiver.

35
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38. The hearing aid according to claim 37, wherein the at least one resilient band comprises at

least one supporting protrusion for abutment with the receiver supporting protrusions.

39, The hearing aid according to any of claims 15-38, wherein the hearing aid housing further

comprises an inherent identification of the produced hearing aid housing,




