8 June 2005 | HEARING AID WTH A PROTRUSI ON AND METHQRECR MANUFACTURI NG A
HEARI NG Al D The present invention relates to nanufacturlng a hearing aid
housing that is individually 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 conmprising a hearing aid shell with an opening, and a
face plate for covering the opening. The shell is individually matched to

the shapapaknidamwiirtk PrROPREEICGN ARDMIETHOPTO KRS Qotiees the steps
of a) direct or indirect acquisition of the shape of the auditory canal to

obt ai n digMBR NG, representing the shape, b) conversion of the digital
representation of the shape into a nultidinmensional conputer nodel of the

out er shaR&,QEnt i&IRIRRE RSB thring P I LGN HNRIERY thatGORdiViGaNed production
of the shell based on the data obtai ned fromthe three-di nensi onal

conput er Maehed fo 1B shengeof S apditoryppaghefepgery el ating to manufacture of the face
plate are not recognized in US 5,487,012. US 6, 167, 141 discloses a

hearing miuk Muamgmémmscm&edaormﬁfa@mwd%armggmlomngaam@smgt erial with
a deformabl e conpli.ant annul ar regi on. The hearing aid hou5| ng is

manuf act i:’i“‘éﬂn%}d shelbWith AgPenzead 2 f?ffi plaedorspveripg e 'PRFP‘H% T gheft ffpr ession to

create amdieiaﬁ@lssda@ﬁned t6 B8 EHaPofltitQuittey danal fusaPPhehdidd eaifisésand material in
- flowabl e form r“be“'n obj ect offﬂ[lan eggg‘dl nent of the present invention to

provi de %%PFPF@PH?% 8%?%“ Hrbangi9b the aytiery caalia obieh digtelt or

manuf act ghiid Bgtesehting (HIQRAPE, BYcorbellsidVe Hellighital@epr@entd IR bONEINBRtRo ar €l at ed to
automation of the manufacture of the hearjng aid F usi n Thus, it Is an

obj ect oPUlifimsrsoaelicarmpyer frodql Ethe,ouics shape p t(fhaw 94T FBPUSLt orat e

product i @nudifed pfad.scubrphm{elsueurm@ea bethe h&hl&btzﬂﬁbﬂ fiof ththkh@mpadionlear i ng aids. It
i s anot her object of an enbodi nent of % E“esent invention to facilitate

opt i mum CHFPPies moge} of theghelly ]FfébIE‘B%FE]ét“W%F‘ g qf theiface BaPESPY canal and in

the out efecRizediRE88RY7,012NI M zing the size of the hearing aid. It is a
further object of an enbodi ment of the present invention to provide a

hearin a_cos t|c tractive ance.. According o one aspect
of 1 ho pTS AT 1 GRER hesing aR or e e BB R A e PUT AR or P
cont roI |ﬁiﬂ1@deﬂiﬂiﬂ§1ﬂd@&p@efn’t @nﬁ@:&églﬂgmnmh@uﬁamgsm@lli Ramfkaeadbpl ate and a
shel | ta is matched. to %‘g]% 3‘% |tor>/ canal of a user, gng%'gsi ng the
steps of O"HRHI P WGP ERe SEPPRYOP et P ETion A

and applying compliant material in flowable form.

It is an object of an embodiment of the present invention to provide further improvements of

the above-mentioned method for manufacturing of a hearing aid housing, e. g. improvements

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

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

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

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

the size of the hearing aid.

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

a cosmetic atiractive appearance.

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

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




2 the auditory canal, formng a three-dinensional nodgh of,q,6e hearing aid
housing in a conputer based on the data, and producing a}%earing aid
housi ng based on the nodel, wherein the step of formng the

t hr ee- di nensi onal nodel conprises ihcluding in the nodel a tightening
protrusion extending along the tightening contour that at |east partly
encircles the shell and that extends along an area of the shell surface
sel ect edig Qudkthdbanke fo¥min b ith@-@henBibSS BB of theoheSB ald@udy ihh ssue residi ng
deeply in the auditory canal. According to another aspect of the present

i nvent i offmppisehagedion thedaia) e prodrcligaheasigs aifl fowsige basphandbg eslshi n the auditory
canal , CoRRh i R & e R0 E-SinmBRibakIRb AW chprited iBGRIIRY iR fhe nRBd a2 Shel | that
is matched to the auditory canal of a user, which shell has been

nmanuf act tghEgingyrotrasion srienditg apne she tighipringasontpydhal #deagmag ersfrelestbe audi t ory

canal , f QeMididhaedibieordi N8RS baRAhell FRER scl@icdlsh BalRA G BlegluROUsing in a
conput er  based on the data, selecting in the nodel a tightening contour at

| east palsersedercispueresidinedrplip drepudieg ensht ext ends al ong an area of the
shel | surface selected so that very little or no pressure is exerted on

tissue r&sdoliindo ARARY d¥pdotbf tHepResdhbtiflvdnbrY tHeRRArovidet @ Heteinpgd orhear i ng ai d
housing with a groove extending along the tightening, contour, and

deposi t i HEFTHOR 11 fieaugiers (R0alacomprisipg aheapngaiq hopineths iprediated 2 shefnt eni ng

pr ot r usi @ i$ Hathe@ WitRNAl8itcd QAL of DEsesS WhitRgRll Bfs bbdinsh@édredhyd at | east partly
encircles the shell, in order to provide a tight seal against the auditory

. rd .
canal wafRuifipetetarpRzesersing fhe shapg pfdhequditpry qnglyferming pfhregsdinensiiall  According to

anot her asqesttthdtearind QidMERERM a bohipaidE hatd.on tHRAAAE, sbisctBf AMhd8slcPa hearing aid
for insertion in the auditory canal con&r|5|n a earlng aid housing with

a face pheieaingreptoyr jicaptpartly pagireling teshdiiadthpts=iens alopgisn BT B8inal  of a user,

whi ch shakll subfaé sBieasl soaRtNACkH @ @o BikssuR it BY tifad RsidifPdRSeRt i Ng t he shape
of the auditory canal, form ng a_three-djnensional npdel of the hearing

ai d houshAgdiery senglypadicis 2 heeByaig RotRe Wikt goowsrgdingdpne et he nodel a

ti ght eni fgGaRRtakur, 3kd defefilng RARS drifove B GlafefdlifdtGorhnliR aTRBble tigR@thet hat ext ends
al ong an area of the she surface selected so that very ljttle or no

bl
pr essur ePPEsion that ¥tendsplang the gurtaceodithy shell aad atlsast ey epqrglestigsety canal and

produci ngri@ tdyeavidd i ighi sdal B! BPauditdrid cadallviall BN SheP s QhskRiiPMe  €Xt endi ng
along the tightening contour, in which protrusion the outer dinensions of

the shel fuditfyganglncr eased in order to provide a tight seal against the
auditory canal wall when the shell is inserted in the auditory canal.

T][ws,h a]ggwbmiﬂglgo ar@mmsilﬁmgﬂdiem&fm iabentibi thedd egdvided a heh@ig gafornd manuf gct utr]I ing
of the face, P te 1 ncludes at_ .| east .one, autonati c processi n st ep based on
dat a fr ofWeftife Thgnditgy cqnplecompasipg wa%rigalmﬂ%?gnvaf%ﬁé%eé’%\? ﬂfliésf%ace plate is

aut omat i Galid MatemnisliRchgitoercahd of 4 dsed WEic@SH hdd Geadinfinufactured by
acquiring data representing the shape of the auditory canal, forming a three-dimensional
model of the hearing aid housing in a computer based on the data, selecting in the model a
tightening contour at least partly encircling the shell, and that extends along an area of the
shell surface selected so that very little or no pressure is exerted on tissue residing deeply in
the auditory canal and producing a hearing aid housing with a tightening protrusion
extending along the tightening contour, in which protrusion the outer dimensions of the shell
are increased in order to provide a tight seal against the auditory canal wall when the shell is

inserted in the auditory canal.

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

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



shel | . For exanple, junction contour data may be pr ovg?&gm:;a nunerically
controll ed machine S June 2005 3 that automatically cuts a separately

manuf actured face plate along a contour that matches the junction contour.
Vari ous net hods of determ ning or atquiring the shape of a body, such as an
ear inpression, are well-known in the art. Determ nation of position of a
point on a surface of an object may be perforned by noving a nechanical
devi ce i AhQuisRMAGculdlalsbpalify RALAL AN cd RATHAG ADRoRAR hiteis @E  the
mechani cal device, e. g. using a co-ordinate neasuring machi ne havi ng

scal es oW PIPUt-parts. I n non-contact neasurenents, positions of points
on the surface of an object naybe determned by transmtting one or nore

beans of viarli Abishs 6N ReaHining WedclSridee: AiHcQ€4 b@ﬂ,qucma_%e@aﬂ sfigli at ed ener gy
that has interacted with arbitrary parts of the object. The radi ated energy

may be ofre ¥rknowr mheatidlvtesminglips of aosion of apgit edisefrce Eanehipciaibat i on,
el ect r onpeB&lell by hA iz hieQAniBdl dRRY infolchitieERiEMhe poitEdhd AadiAARH REiligbrof  X-rays,
gama rays, _ultraviolet light, visible light, infrared light, far infrared
radi at i offe meghanicaldgvice.jcof Usipgm Goudingls Bepsuring frachinedpyipgycgles RdiXiBon, such as
radi ati opy@f el ectrons, neutrons, alpha-particles, etc, etc. The object,
the shape of which is to be determned, may interact with the radi at ed
~energy b reflecting, refracting, .diffractjng_or _ absorbing energy or by
any conbPRgtFEHeHRPEETmenRgsERys O&m%tﬂ%sgé?ceﬁﬁv RIFFtM3Y OF i near |ight beam

t owar ds - §dpemialy Batand@aE on¥RAm b BB of radildd ehergyitdhRRis @RFBR@ ad t h a CCD chi p
may be u‘ieittli,zed_to dete&% | i ght (E:Hf_fuse,ly reflte@ted fromthe surface of

t he obj etetectingidipted saerey thefhas fferagied wifhartygrary pasts ofthe afiet of t he obj ect

reflecting the light beamare determ ned by triangul ati on nmethods. The

beam i s BueRfiatACLEEPmMAYHR of iy f@8Ssuoh astultisovaldfa@itionsolind ladiat@n/TOVabl € mrror.
The shape of an object may al so be determned with a plurality of
el ect r onflectremgpetisgadiatippof Ay frequency.sughiie Frdiation pfXnayseg R '@Sset  of i ncoher ent

light SoykeRRt ﬁgﬁ%ﬁﬁbl@ﬁghkhﬂ%d@ﬁl,ﬁ?mﬁﬁéﬁ rackeiﬁﬁlq ll()}l%*%&ﬁa‘ﬁéﬂhiﬁ #alaMohi te Tight in

all directions. plurality of canmeras wt nown positions in 8 June 2005

3a r el atétonartide rdiatrnotubless radisionsfetcras.dettonnpipba-posicsiengc.of poi nts of the
surfaces of the object by triangulation nmethods. When the shape of the

audi tory:. i i . S i f. |, 3. nam c
recordi ngh%%*} ﬁ%thdéé%%%ﬁ)? gv%@glé’gyn% d%%aglgfleg’gm%é’rﬂ Sr&rrvé%%&dﬁ%%%k‘ %%ylg%ape of the
audi t or yreft@rtiay, refracting, diffracting or absorbing energy or by any combination hereof.

For example, a laser may emit a linear light beam towards the object under measurement, and a
video camera with a CCD chip may be utilized to detect light diffusely reflected from the
surface of the object. Then, positions of points of the surface of the object reflecting the light
beam are determined by triangulation methods. The beam is swept across the surface of the

object e.g. by a movable mirror.

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

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




changes as a result of speaking, eating, drinking EtC8Jﬁ£%§m§Eth°d of

acquiring the shape of the auditory canal provides data Ich vary in tinme
wher eby such shape changes can al so be taken into consideration during
manuf acture of the corresponding he&aring aid housing. Alternatively, a
plurality of inpressions may be made of the auditory canal with the jaw in
various respective positions in order to accommopdat e shape changes of the
audi t Or Y oAb cack Biher s HARY EterkMOpd TSP RIANST WTRURDA B QATE! Y ONe wi th
cl osed nout ang one with open ving acquired dlgltal dat a
r epr esentriargylatibemeghalpe of t he audltory canal and a part of the outer ear,
these data nmay be further mani pul ated according to well-known nethods of

CADY CAM wfilbn fe sh% ee‘\i{ldxfa‘h}iar I ngé:]ag%}{ tﬁ%@&ﬁﬂﬁ»& bl (gﬁzg 1t%nﬁl%§ﬁf[: uring) systens

to design and produce a ousi ng, e, ding formng a
t hr ee-di mémmﬁhewéwcaoﬂntahbemfap@do?fmqerﬂ@shaweaﬁthwdmrﬂcagﬁelI Furt her,

t he m)dekha{@eg e SPLANEY, a&,gadrﬁﬁ%ﬁg%et&s SRS abdhink@itleQhtpe bithEe-

di mensi on I'ews and two-di nensi o Cross-sections, and various automatic
and oper audiry capd movidésidatel whichetyi iotmse wlereby wdl hapeichpnged eanelsd briskedescr i bed
‘herein, I a CAD/ CAM system
Thus, ac%gcgﬁ%e@%%h%& uyaﬁéﬂgt?q?ﬁgr p e Reraﬁ %/%ﬁ%u% a CAD/ CAM systemi s
prOV|ded for design and manufacture of a hearlng ai d hou5|ng with a face
pl at e andltemagivedy.la pfuwdity qf émprepsipusieny be maden thegwdionroprab witathe 57 i user,

conpri si Ao r h&%%@s‘ﬂ{onst D Bilderktac B ARUAshhR hRES b¥ife ARy AP FESS dat a
representing the shape of the auditory canal, formng  a three-dinensional
model  ofxamhle, tyh imnressiansarny bnmedraarigly anc wifrlesed ot 40 gnetifiePPee pr esent i ng t he
model fopppoduction of the shell and the face plate based on the nodel.
Two identical nodels may be fornmed fromthe acquired digital data, i. e. a
nodel of the auditory canal InC|Udha% part of the outer ear, and a nodel

of the hBafngseuiedligildptp reprrscating fhe ghapoyit thegditory Gapkapt 4pag gFHE oW nai ns
unchangegh; Wit &1d H6 vIaGE: hiphbRd Reand & WitknshEhbniB¥PEABAIMCt tO

nodi fi cati ons and additions of various features as will be described bel ow.

The nodefie Gempuipretided Design/Coppuer Aide! Mapudaraging) sysigms oideiign pedpseduee ol or s, and
‘the shel heam?gvm@ﬁ‘oughgel ga)ﬁ@lqdmft%ﬁﬁﬁgéjﬂﬂeﬁ-dﬁx%mé}ﬁﬂh&&fdfme%ﬂdéb@l)fthgor this and

ot her pur poses, th the auditory canal may b i spl ayed
transparhﬁﬁf‘@%ﬂld{hﬁ%ﬁ“ﬁlﬁf ihepadel mey be pigplayed eea IMREIRSTSPHP vHfioHRST t he hearing

ai d shel fimedidn@RiM %mﬁ%ldfnfehéuﬁﬁl cr&sg-gecﬁglﬁl dnd Qﬁ%@@au&%ﬂaﬁ&éxﬁ@pér&ér definition of
a junction between the hearing aid she and the face tgiIEate and data

" epr esentagledREcien dhdae e PEIn s ereiprdgyr agiestaent ef the meds!
may be provided by a CAD/CAM system.

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

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

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




Preferably, the junction contour is a plane contour. Aggor4fydg to an

enbodi nent of the invention, the shell is produced based on the nodel and
may be term nated with an outward opening defined by the junction contour.

I n-one enbodi nent of the invention 4he junction contour data are
transferred to a nunerically controlled machine that automatically cuts a
separately manufactured face plate along a contour that matches the

j unct i ondismayedindistipgyishabletcolorsetnd disshadl mayhe displaved ingarted ribkesuditaray be  a pl ane
contour COMPAK I 6y Yhirbuibodl, MndiACE tRb Gy cHiFmbARAIPLALC MBY cOMPri se
positioning nmeans tfor engaging wth correspondi ng positioning neans of the
shel | sotrasearentifie circunference of the face plate matches the junction
contour of the shell when the face plate positioning neans engage with the
shell positioning neans. In a preferred enbodi ment, the face plate

posi t i onFnep frematien of Siedireesdimengiondl sgdel obthehdurigemidybel. @ conpupencitdingn at t he

I nner  Supt 368 nff bd dfect {ede@ih@wefafmﬁ&n%w&&%éhm&asqa@mmﬂmeans conpri ses

indentations that are adapted to receive and match the at |east one face
pl at e pr &ce plae.grd daeprespriine the selected junctantconipus gy bhdetgupined | on cont our so t hat

it mat ChEselif hifdibPSnkart Qhndtfbyl Ne at | east one face plate
, : folfis 2 ;

protrusion aré received by the mating indentations of the shell whereby
correct assenbly of the face plate and the shell is facilitated. In another

enbodi MeREaordid}Ro kot 8 RORY dnkiG) A MESRSauc ALk SR fhe Aload GRS ONe face
plate protrusion at the inner surface of the face plate termnating at the

ci r cunf emayederpnateh with areautwand epeping defigedfiydhedpretion qopte¥ he ci r cunf er ence t hat
is substantially equal to the thickness of the shell at the junction
contour. The shell positionjngpneans conprises the shell at the junction
cont our . In oppemifodistentsif he énveriion the juartipgonters ditypre frinsferebia e gurpersallt hat i t

Tat CNes. oo it QM AHEIYBED. it Ry Rhudd e Blad AL _One face pl ate

protrusion abut the corresponding part 0 he inner  surface of the shell.
The shel fonppsthatimgishesdheiengien agpgurf 4y mepdipned abaye.i taegunstion qonearay bat t he

junctionaﬁggtggﬂng&&ggggQgh;ﬁwg&gk¥hkpmards the interior of the shell for
reception anJ ol di'ng correspondi ng face plate protrusions. 8 June 2005 WO

02/ 078392 PCTI EP02/ 03307 5 Shape, dinmensions, and position of a battery
openi ng The fpgs@lateapny cpmprise PYsKienipg meand fog cieagieg Vittorerrasaendine@pploringof a battery

may be SglLechatk Bhfko! i it GRtmbdentd\§ ettt pRlAHAnIDASncibRGRGuOsE the nodel ,
t he openin ga¥ qgﬂgrOV|ded automatically during production utilizing a
cg gty

numner i cathp eeclaponopitiofing racany sreage with fhe gshelippsitioging Wegs- at | east one
m crophone opening may be provided in the face plate.
In a preferred embodiment, the face plate positioning means comprises at least one face plate

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

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

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

holding corresponding face plate protrusions.




I n anot her enbodi nent of the present invention, the hg%l'k&gm?i d housing is
‘manufactured with an integrated face plate. The integrate ace plate is
defined as a part of the surface of the hearing aid housing that does not
mat ch the shape of the auditory canal of the user; rather, it defines a

t er ni naWPSHVE2t he 10 hearing ai d housing facing t he?SHFEOYI ngs of the
user when the hearing aid housing iss inserted in the auditory canal.
Qoviously, the face plate is integrated when at | east a part of the face
pl ate and the shell are produced together as one unit. For exanple, the

~face plateg,] ' i.n rated when t.h oLpi.ng.of. the face plate to
the sher | S5 diblorb b Boldh SRG epliR g o oo bl PBBifhar iy e e 18

shel |, i . emowlp] aigtipy veitiststlontedoafid intleded inahd fadelpiate naideli Brgedoh telm@dflace pl ate to
the shell 4 s AT IRVEEPN T =T ol Ldi.ng 4. Riek: ed enbodi nent of
‘the invenﬁeg%#mgﬂ%ﬁreﬂé-qﬁ mﬁs@%@?dﬂnﬁgﬁdﬁmﬁ%gﬁ%e %‘%g e is forned that
mat ches t pratrelet working machiet | on contour, and the face plate nodel and the
shel | nodel are conbined into one three-di nensi onal nodel of the hearing

ai d hoysi g siHREGEY, #%aRfind ARrop@ADREHy FRAR provRI R gk d housing with an
integrated face pllate is produced, e.g. utilizing a rgpld pr ot ot ypi ng
techni que, such as stereqlithography, | aser sintering, fused , deposition
model i ng, FdPeher GEpREReRt o e Brer ot nyrgriqny e Regpinesdd Ropsing inmangfectied W) et c. As
ment i onedaslaemeted fage fldke non-integrated face plate, shape, dinmensions, and
position of an opening in the integrated face plate facilitating insertion

and renova] .of tt be 25 | ected . gnd i.ncl.uded in the face plate
nodel thaﬂﬁ?egﬂ?ﬁﬁﬁﬁi%c%gdsfﬁmtogﬁmﬁ%{ﬁei%gwﬂm ?‘éjg%s‘%g tB"i‘tl’;}’i’efs ar vvayl,O at
| east onensrineihibhcnge o e rnudigryrcensbef teneor; ratbd, it defihds @ tdrminegn eftieed f ace pl ate.

Di r ect ongl, hanaELEd 3 iSuRludB FRELOPINGS 10SI Lk pred a1 a first and a
second ni Crophone — openieng, respectivery: or h&ihe 4 Bygipe iy e m cr ophone
openi ngs  imytbdinéwladifogtcemd]. and first and second positions of the

respective first and second m crophone openings nmay be sel ected that 30

correspongyd: Lol @6k 16 } I L &Ld | ati ons may
i ncl ude t%g%glﬁlg’ptg@%#eP?‘%e%&%%%%z%&ﬁ%%%% %%Iéééﬁ a.Ft;;C%[1 }] %%81%1 3%307 6 outer
ear, e.g. Praducefdpgsthes a5 arp vk rionerample diefras flatedypaid o herutegsdidydene t he

cor r espongisig oftue kkOfidte to BRRAAI alohfMBe fuRGRn Rnibhfis PRYucBAYSasNARGhNg Means for
recei ving and hol di ng a heari ng ai d gonPonent, and a nodel of the engaging
C

means Pray sl LpRfingpeRustign pffhe shefttae jinipe of thefges platfa thephell gsirhgreplyy 5 j ncl uded in
t he heari pgfoghed housi ng nodel so that the integrated face plate maybe

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

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

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

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

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

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




manuf actured with the engaging neans, e.g. using a rapif PJfkot ypi ng

techni que. In one enbodi nent of the invention, a face plate 1s separately
manuf actured including a battery opening. The separately manufactured

pl ate conpri se the engagi ng nmeans. Then, the hel |l of the hearing
aid hoﬁ?‘ﬁgb@%zpr oduced attached to or abutting the %TQ’?P«Q?’OS@(.” g. using a
rapid 10 prototyping technique, |layeé by layer, the first |ayer or
cross-section of the shell surrounding the battery opening along the

previ ously selected junction contour of the hearing aid housing. In another
enbodi Mengy@tarl 1€ ad dRRRAddAring QB the Sapd é}@hefcgﬁg Rl Hakdy! uding the
battery opening is separately nanufactureé. he cireu rence of the part
is includ®8in the hearing aid housing nodel, and the hearing aid housing
is produced with an integrated face plate 15 attached to or abutting the

separ at el YheTR bR Glay hAE ci@sity hakTor BYiVirRWET holdidp@ thdris hid badesen@but ting the

circum‘er%Hce gf %tge part. Alterpatively, the shell may be fornmed starting
with the BHADOGBHET FgRatschns aay By euded jnthe face plate jpodel é@P’é‘E’éd face plate
has begn ieidee th theHenfingaldhogingimiole] 89 that 6 GifdprigedlTay pla@ nay B r cuntf er ence

mat chi ng t he_ci rggﬁb@r ence of the separ at‘?%mﬁr_oduced art of the face

plate, tHEkppre & PHEPEIIRTI o™ § RS Fge MY and attached to the

opening. 20 Further, one or nore hearing aid housings may be manufactured
i n par al | lalond embadityedt ofkhelinvdntion, mfjce platpis skprately ofaupictugpdtiembing sbattsry For

exanpl e, & gg [ Ly hanufactured i ncludi a plurality
of batter(s’e@%éﬁﬁen%é&%%%%on |ﬁ%°?'£f%%ﬁf’ UT aifl%tcﬁng%%mgnnéﬁg?sf en’acg housi ngs.
The bat chshyl ofthe bparipg aill bonsivpispradeed dlagmd fomgatmisiap the plhtetepeudmgaripilg ai d

housi pgs. tg\geﬂ ' |l _is.formed, the
first ay%;rr r%’tg%_n [ r’1gyetrﬁ{éla%ég’?f)egﬁt?a\?%%ﬁ%?stgg‘%cgg‘gqgﬁlgg%ﬁisél%&g ng the

junct i on Bobettersereamg elaes themyicqusly sekecthdiipdtingeeatodr df Sudeanige 2id kvusinet her exanpl e,
a plurality of the above-nentioned separately nmanufactured parts of the

face pl atm s RRShikdcRDete inkdhtich, 5aPi Shridk B ALY RO SciRdahAkisy T Or paral | el
manuf acture of a plurality of hearing aid housings in a batch, A fixture

may be prFIRESESPHAER BRpHsREdy e fige pe-0f the pot & Bclyérdiin heiepsing means f or
accur at el 4id KoB€fi védal araick hBRing hid BoukinLis PRiced with ARSI e kAW posi ti ons.
Each of the rovided with correspaondi nﬁ posi tioni ng neans

rts 0 be
that fat cﬁ‘i‘a“t‘lﬁﬁ"ﬁb‘gﬁ“ % ???5“??@&??%“ fugef] art Ipyet by fayet, the thfayer 3EBE WO 02/ 078392
PCT/ EP02/ 83@0Mnféreddaef hepat Alkedayiveliht RN indy ®dfofm@s Sathadit tfenpart of the face

pl ate or batch_pl.ate my, contai S f tal, sych as springs,
el asti calquos%nésﬁq% fffic%ﬁfte gen é‘f’ @E"’Fﬂg%gafe Rl“g‘? ]Fﬁgﬁ%f’l“?,m%‘ft’&‘.mm% "ﬁéé?l ng aid nmay
be a nodulpatingtedng ndreaniirene mpichisg hecituifhdentha kdgartiely plogedyat ofin

el ectroni dul.e.w ocket. at .|l ea ne, mcr one, . a signal
or Ocessort?e fg‘;‘% &;ﬁl‘a?, trh\é\%ater?l% gorm oned 1 the opening am? Ette(a and ar%-t'a&ec? t[c)) & openming,.

L

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

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

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

fixture. '




5 enclosed in the hearing aid housing. The hearing alg ho%ogg conprises a
face plate having a battery opening defined therein 6 passage of a
battery and the el ectronic nodule. Further, the hearing aid housing

conpri ses e ggl ng nmeans for receiving and rermvably hgé dl(gig t he socket.

It is af H{Yg ant advant age of the nodul ar hearing BGHERHY Y he el ectronic
nodul e maybe renoved fromthe hearing aid w thout damagi ng the hearing aid
housi ng. 10 The engagi nhg nmeans nay conpri se grooves, tracks and/or notches
for engagenent with co- operating socket engaging means formed on the
socket. T Teal ient |ugs.
The | ugs %ys %@1@8@%& it %EB{}?%P %91”9 Iﬁt‘?ﬁraq% cgglgee&%%%ﬁg ?M omthe
socket . Sbfaipﬂéa,l,Smhﬁewsnggm}aswrpﬁd@lﬂ’tlﬂymlwﬁmdrmrwdﬂsm c output opening in the
hearing aid shell for 15 transm ssion of sound fromthe hearing aid towards
the tynpaﬂeqlﬁ%gﬁﬁ%ﬁ?b%dgﬁfﬁﬁin%%%mumﬂ% ah&%%uhﬁk ﬂglhlgl Shell rmdel

Di spl ayi ng the nodel the hearing aid housing inserted in the auditory
canal nod Fcuﬁﬂﬁlmo*%mhlaﬁ% a§ lepsbeneinigioRhipneg Penst RrecesoroRd £ Freei¥E oust i ¢ out put
openi Ng Sgclohatn hdiRadistaRitbuship et A8 iBMAid BousifPdonfridela fDG1Al HaGiff 4 On Of a

| ongi tudi pal axis of the auditory canal thus, mnimzing_the risk of 20 the
out put opbAFH gPEms fefrrhhaetiPa P EeRel a datiery aad Theélf’ml"ﬁ‘éma% Fatsz. Banal or even

bei ng parﬁdaaﬁgl 2 ho@@rmgewﬁapﬂsesl eﬁga@ﬁghﬁﬂﬁd)r Byeiafl Al einfoOdb)y HERIME khe Watké:.

Pref erablﬁ the hear housji ng i s prodﬁced wi.th an |ntbegrat ed

ventil ati ﬁaBH%H?P‘&‘?" F\" “FedP‘?‘FH‘E‘T {21 fhaf fhp BECgpif ORI P® npdel  of t he
hearing ajethoftaiSinfg, hedriigaid@iitit daftedintcthe iz aiddwasingdi Nng the face plate, a
path nmay be sel ected al ong which the ventilation channel is intended 25 to

exten ventilation channel onsi it ut.e tube wi.th a uniformor
mon unf f ofiebfa e ms By GBS Bos SR AR kO B wiimAlc bt B

Cr 0ss- sectpentingsbcketrogagmp medng formosd colfmmendtt. nay be of any form such as a
circular, square, rectangular, rectangular with round corners, etc. The
shape a m?agls : cross-section and of the
venti | at I“’ﬁ]#i&%%%ﬁg?ﬁ@ %0% edg%%%:]{}? dﬁwa&nual ly, e.g. as is well-known
from CAD/ CAM syst ens; and may vary 30 along the length of the channel. The
shel | wal 'F'heﬁ%ﬂi“El’)?f's'f“f“'&fﬂ’fde“’lﬁl%Wmmﬂ#swlwaﬁ%mﬁq@m ventilation channel .
Data representing the opening of the ventilation channel in the hearing aid
8 iJun?a ZO%ﬁpé/@gﬁﬁﬁiﬂ,?aﬁaﬂﬁﬁmaEg&as{u@ﬁ@iu&nﬁlﬁlﬁiﬁelﬁﬂg@ﬁdgﬁﬂtﬁie fa(r:]e plate are
cal cul ated, and the s . be, a uced, w t he

vent i F%m%ﬂ“ﬂlﬁ?é%ﬁé@%%ﬁ%‘ﬁ@gfﬂ&ﬂ ’B‘BE‘%FIO Bﬁr&%?ﬁ’i'fy%%"}e&%%net ry of the
venti | at i aid incobalrinék slefpendehg i n the face plate may be automatically
calculated facilitating automatic

3.

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

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

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

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

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

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




production of the face plate with the ventilation chaggﬂ f4p8ning. 5 As for
t he acoustic output opening, displaying the nodel of e Hear i ng aid
housing inserted in the auditory canal nodel nay facilitate selection of a
posi ti shell ventilation channel opening .t points in the
di rect ?@R%é/{ﬁsgb‘il ongi tudi nal axis of the auditory caﬁ'g(fll’]ﬂﬂ%j’%:’?& m ni m zi ng
the risk of the ventilation channel ®utput opening being partially or
entirely occluded by an auditory canal wall. 10 Either or both of the
acoustic output opening and the ventilation channel opening nay be adapted
to recei veeRBshodie id fROPIAS hre WAXIEHAA the TR pRPBOUUREBHG@IFpbdGcAth Wax guard
maybe of the t peﬁ di,scl osed in WO QQ/03561. A pipe stub naybe forned in
the produtt&yertitqnchangsl opanipe, frthes, theropition apd th geowpiay 4f heyerHa8Phi ng a bushi ng
for inser thapal bnifig iR the Bdce YRS n@EY dltomAticallyRaREated Rl fa@bi@d i n t he shel |
covering an, area r&unﬁ thﬁh eni.%%%l%ﬂd rir‘at ching a collar of 15 the ear wax
guard or,PW'&?’ﬁ"ﬁg‘e Rt Vet WG P™P& inserted in the opening for
receiving and holding the ear wax guard. Preferably, wall thickness is
mai nt as neds &t tht lreustie aeps ofieting \Aisplelyingf thy maleli of the béariag M@ hdusiag matafint he shel | .
The shel | ;may..b [.Q ed with a ns. for.vi bration or hi ng suspensi on
of “the r cRERYERT RGP Her et oBERNSa ljiah R R SRR, GLrEoT o,

r ecei vi ngomenids $echatlit pejnis mghe direstion sftalengsudinakaxisioNth@ nditery panklalnd, or cl utch t he

receiver prowi.di Vi . o] i . [eceiver. In

anot her e%ﬁ%%‘%ﬁ%@?{ls\ﬁtoﬁﬁe@gé%gﬁfl&%g%ﬁr_ i°‘gl'g‘§t%%§'§‘§§§,%é@ ory%? gtfxél sions for

r ecei vi ngoahdedibyeidndidery ¢aned wallcei ver, and at | east one resilient band fixed
around the receiver and having protrusions for supporting and suspendi ng
the rggei ¥fer driboth BERERAERESutpul HniRtUn® the VefRAS BRBeIVperdidiGnd)8ar i ng ai d shel |
nodel nay be selectively increased so that the 25 correspondi ng hearing
ai d shell a%m@irtpsecw%néﬁ@w@abﬁa%@iaaﬁwgf apdthe far PR oK B#Ot he shel | is

inserted {nBiyhltisabdi m_vaowami.aﬂ;k&w%gw@h&eﬁmmawﬂe uni fornly
i ncreased over the entjr surface of the shell, or the size increase maybe

reduced gf4ias oyardly SHge shelf ad Gorogg A Rushing for wsegffon of g ear piaf g9awdoAt hat very
i tt:e olrreaa@s @iy&ﬁ&k:ﬂﬂﬁiihﬂm?ié;ﬁkbﬁﬂngfﬂﬂaiehﬁnﬁtmr}i’e%ﬁérﬂigﬁgdﬂﬁﬁﬁg\écb]ﬂhrbﬂt;e audi toryd
canal . Al ternatively or ition L put er. di mensi ons nmay be increase
oS itir B P r Shrfina BT o bifpeoBe Biengt mdhopriu o P Bar 1 v or
ful | y encandtbidiagtht bee whegiatdnBrefaiably Stull lillickndshie niaintrinedsitdhei rebeda@o #vaili ght seal
agai nst tpe gludiﬁfl or&é@(}anﬂ‘51 \és@gl when the shell is inserted in the auditory
canal . 8 JUR&2YASN3"G2f 078592 PCT/ EPO2/ 03307 9 Further, a tightening
contour may be selected that extends along the surface of the shell and
The shell may be produced with a means for vibration absorbing suspension of the receiver. For

example, the shell may coroprise strap holders for receiving and holding resilient straps that in
20 . turnhold or clutch the receiver providing vibration absorbing suspension of the receiver. In

another embodiment, the shell comprises a chamber or protrusions for receiving and holding

the receiver, and at least one resilient band fizxed around the receiver and having protrusions for

supporting and suspending the receiver in the chamber.

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

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

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

canal.




partly or fully encircles the shell. A groove extendi g the contour
may be included in the nobdel having a cross-section W a Shape and

di mrensions that nmatch a desired tightening ring to be nounted in the
produced shel|. or alternatively, that is adapted for tomatj ¢ deposition
of 5 a Wﬂtﬂaﬂsgﬁz different fromthe material of the s%ﬁﬁﬂg)’?ﬂi7 deposi ted
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 nounted in the auditory
-canal . i f Phrdter, haghtdnivg caitdir ilyeelsclebed shatetendd v (e safaggad the SeAndVhen i nsert ed

in the audptory. cana t he |ified.acqustjc signal.na ak to the
sur r oundi R@@’f"f&@eﬁﬁ?ﬁ% %%@52&??"3@”&3@%@0% er°8’btﬁ'%r?gyg?fﬂéi§e€1n% rise to

f eedback ge&dhaingngrosseitioh #ith askepe anddimensivasihitedeh a 6esirad talnenigpgageasi ng t he
heari ng ali i . L] Elit] the.h [ aid can
ot be® b eiBllled LB ploditea bl S thgu SRR el o Bl dERon B 2, U
change$ i amaessdiientfonibenatat af the shell, thedepdvitalonatdnighvomgintisgeanni ng, etc. A

rigid heafj,ng. al | . .- . ' d nges in

audi tory %%%ngﬂ?g%&dt%r@%m%é%gsﬁt@?g?u&ﬁ%ﬁﬁggﬁgﬁg‘dgﬁﬁ@mﬁ@ﬁel | that is

per f ect | y amdFecufetightening ofitheiskellite/ theanditesy endal sdenthsditl shmentaliythe esul ts i n nor mal

use. A fl gy ] Q-39 il 1RE doeS Bt ¥8Sial D ; enbodi ment

wher ei n tﬁagtgkgaﬁlgj gfmet %ﬁgﬂdiHtg_gr_g/égatﬁlgfldigéégg%ﬁ@c@%erﬁﬁg% dynam cal |y,

t he ti ght ewiiters caneh the amplifisd freustiesizal ey deek todhesirrenndipgss porendaly reedinges pondi ng to

posi t i19NS gl RidrdpRoneAnELitiRF Nse GARRAbacR bendiMirpdsdiGoRNO ¥EIRAEd QRAF dynam c

vari ations of the dinpensions of thé 20 auditory canal exhibif small

vari at i ondecmstedbbearingaidgrig. aahtms, the il crrabiltiss affheReatigideARIA PG n t he

audi tory e@Ral. RirtheR o apedt teRERBEREANpily stB8fes MGEspdsd & usel Rii@; di mensi onal

nodel s of shapes ,gnd ggarrgt rai es of  var |10u§ heaels'i ngsbai d gsgr_rpong;]ts, such as

ni cr ophon&%h ax5heyrag ¥ % Srrigd hggriog il shell giqx nf e rapableAf pdusiBE o e stored in a

& at ?_bajs e, clﬁﬂ%s inﬁﬁ&to@&g%ﬂé%&dﬂé?frﬂﬁeﬂmﬁg of tﬂ@fagta%ld]ﬂud% ﬂihﬁl mﬂn@ﬁ ﬂagaﬂjé ng aid.
ilizing_well.-known met hods, els of the selected conponents

may belspogf“’tdi”ﬂﬁ‘@a nﬁ‘ﬁamﬂ‘fcgﬂqsﬁﬁéwweﬁﬂfsr‘f‘?ﬁ“ﬁe%ﬂf’ﬂl&e%%&mﬁ%ﬂ’éﬁ ng nodel and

may be noves ads@iudibnd or sel ection of respective optinum positions and

orientations, e.g. for provision of a hearing aid of a m ninmum size.

Col l'i sion h S : or n Lt.don f. f e res of the

heari ng a|I11 %se e‘fkﬂﬁl,l%@%e?&f tflalg{h]; er??E’ g%%dg?] (éq%j% ﬁ’éabyegréfege %mgéd%g%ﬂ\?gcgﬁyar ound to

flﬁrt her ofietightaig pativr isprefanglyctledddet peitions ngrespoddifDiopositporie fies. Al t hough

t here may i.Cl £ of . ertain position

i thin ¢ iR gt et of B0 mBios SASKL b UPA Benin BUETT 1 DT hat

posi t i26n, auditery civaleakibibsmpef eratiations whertby avestingad et mévatingof e sifebintke a bottl e

neck at t bkt Pkt iORERIASdeptiiToof BUf d-RGydesi gn of the hearing 8 June 2005

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

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

30  components,

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

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




WO 02/ 078392 PCT/ EP02103307 10 aid, collision check ggy,d®a be perfornmed
during novenent of the conponent in question through the I nput opening
into the shell along a desired path towards the desired nounting position.
The sh e shell may be adjusted selectively i i ncrease the
i nter nZ‘PS\‘}%{”ﬁ;ﬁ% of the shell for provision of suffi%@#ﬁegggﬁe for a
speci fic conmponent Preferably, the dfiter cross- section of the shell is
expanded at areas corresponding to ear canal |ocations that are relatively
non-sensitive to pressure. The selection of the path of the junction

cont our ey, chisipechbdkmmg dlsele pedortmibdusiyehbveitad of thé @mpdiestd qiyeidn as i nserted in
. the auditgr . 1 hj th osjtion of the face plate covering 10
t he shel I86%‘%‘&%?%{]%Bé:%n%%'ﬁn%%l/@%]eﬂgsngsg% %d a*hg?waé Se o “ﬁg?% c appear ance
when t he psdionng aid is inserted in the auditory canal. It should be noted
that a nmodel of a part of the outer. ear should be included in the nodel of
audi tory $RNflpebARL bl By RARYRAIUEL B i Bliod ok RS B kofnal AR ANCE Of 1 he
hearing ai d. 'prl call'y, "an i'npression of an auditory canal "al so contains an
i npr essi ofie gell for pravipionet spifieiens shesforaspecific sormypaent Prefaly, b odreroshel | nodel
may be sMREtAQEME el Isicflaih 8 AHARespSYE: t@eaﬁcaﬁ;@f@aﬁmtﬁ?g gvdPtain a
snoot h surface, . Tht‘a3 er??]are sr?ell orreasg begsm)ot ec? o? spec'ie %cvegj?eas of the
shel | mayRPS@ensie ®PEEWY™e e, 9. using a conputer nouse with a cursor, for
snmoot hing by well known CAD/ CAM snoot hing techni ques. For exanpl e,

presence e sgigdwmf heqrathfogqhk uskiibn fonHe e yibspéémﬁnsauﬁh&mmemmdiismeg thE_f

i mpressi o of. the. itory canal.is nmade nmay. create undesired artifacts
in the sh@fﬂlﬂyﬁ%ﬁé’fs?mgw ?@&Pﬁ?%%@%é‘ﬁ&%@“ﬁ@ﬁ%ﬁ%%@&ﬂnﬁg ai d housi ng
nmodel 1by dlektell bngart bgendy fohginacleoted @dr@ptiniin dokigeti bppedratet wheh i@ edrfag nodel and
calculating. a new.surface su Ltuiin e deleted surface based on the
nodel sur?lg énsg?f\ffivrmotﬁ%a ?‘ng ‘iaﬁagﬁ%sb?qﬁha%lﬁﬁeé Eﬁﬁﬁtt??g?e“’ ﬁpﬁ@ﬂhﬁ?ﬁ‘?’iﬁﬂber or anot her
i denti fi cdibuldbe infndet o thermaeleleé ehdiepcans dachitatinhevanatiog of takobametic 25 1 ncor por at ed
into the h in |. i sel ecte Ition o_that _the housing
may be p?Pg’yu%%%fvnt}\i% tgl ar%%ﬁ?‘%ﬁ%? e¥ft%tl "mci)(gfrséiL ?11“’?3%%{1?1150 . ca?ﬂéé? R*Sh&EY hearing aid
housi ng nipgpedssionenf a pat fthooatek tbn a dat abase for later retrieval. The database
~may be utilized for further automation of the design process. For exanple,

the %quﬂe%g.fééasﬁhésﬁmgﬁgo%akﬂgsuﬁdaﬁeé@ggﬁnﬂé sh%? g%ég;r?h?{]%erscd%tﬁw may be

conpared to the shape o “housi ng no S stor a base, and the
best mat ctbtaimnysupathserfacs Eheaticg shell marbasgwpthednn specifs arpas af tharsbell 8y behe heari ng

ai d housi R.edd gSBInEE LdnRRSr mASSHit 2Q8Ser, BPGoBihing B AL 9P €ApA@Sf i Ng ai d
' smoothing techniques.

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

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

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

The finished hearing aid housing model may be stored in a database for later retrieval,

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

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




8 June 2005 WO 02/078392 PCT/ EP02/ 03307 11 conponent sg ARy, ARjggomatically be
reused in the hearing aid housing to be designed. An operator may
subsequent |y adjust or change the retrieved positions, orlentations and
sel ections. The conparison may be perfornmed solely for selecte

cor respBA8¥#E*r eas of the hearing aid housings. TH§3H333F§WMHy be stored
in the database in a reduced formraquiring a reduced 5 anount of data,
since the very high mechanical tolerances required for production of
hearing aid housings are not required for conparisons of shape with the
pur pose of atures, or
conponents F’#ﬁ& Bﬂﬁkaﬁgyé?gfgﬁmﬁ%arl %ﬁémﬁg'%u§F%§@§nD els. A patient
dat abase pmatdpgay @bmntb@dpmomhn@eﬂm@m@si Wlnwsepﬂpmtloesmnd sebtctiomd-f i er, e.g.
name and r Rk the patient
in questlg%Q: @E@%? %ngﬂﬂ §§¥ﬁ§$&hg?§%%% spe tlve nDce 3£%% t he ori gi nal
i mpr essi ohpuéiﬁgst'ﬁé mypdely mayrby S@T&ﬁwm@ﬁtaﬁﬂﬁ@ﬂpaﬂl@ﬁfmﬂﬂ rogpiging ayedesdf i er s and

model s of 5 hfie: RERY, Isﬂ&@@wmmaﬁﬂaﬁmm&s H&uﬁc@%r%ﬁ;dﬁcﬁgﬁofiealﬁﬁ@r ing aid,

etc. A new hearing aid for a specific user roduced mnthout
havi ng todidbeeirgsaratniregiredfer cogparisers O&ﬁeﬂct“@th%e@armgﬂe ofgHing POS@O@S by nmeking a
new i NPr eggh@fbnd,fseibdlGns AbktirdsObr¥orfidRds reldind §Rthd dedliarh ﬁi‘d'h&idﬁhy acquired
shapes may be easily retrieved fromthe patient data%ase is well-known
in the armodeh: produce a housi ng based on a three- dlnenS|onaI conput er nodel
of the housing utilizing so-called rapid prototyping techniques, such as
st er eol i t A@@HcAiaMbast MRS forﬁléd'ﬁoﬁﬁlﬁdﬂ&,recﬁﬂd&@iﬂl defas idbﬁtﬁi& élg)dahei 4ag, drop

dep03|t|on ripti.n etc. exa ereo a t he conputer
ool 1 s Pt Pt s o Houss 0 B et B Elion ORI PREET ny e

equi di st aﬁttherh&lﬁfb@peptﬁzbﬂioﬂe&lofﬂlndng’iﬁaﬂ mgam@@lofthbwdlmemammebmmThen t he
housing is ac oduc;n: t he .indi.vi.du CrLOSS-Sec |onal pl anes
successi v@d%gt#j&rs m‘f 36 oytP ReLiE 2GS 1él o cnmigglﬁéhg eaé‘ﬁmg g eE next to

each ot heAnemhba';ing‘anflﬁu@stpwainm@gmﬁsxbe ptbdm@wttmuﬂawmgvtotabquucﬂm shapeed l'i quid

synt hetic_r.es C IRMLsBhn | e platform

By target %fr eua!'sl@m a? agltaa%gg T e ctng‘g at t e sur b’ecg?ﬂl %Eﬁéé%% quid

synt hefi cp@ﬁombquuudwhhpmlbngﬂsmrﬁﬂﬂé‘@éfrﬂlpdlﬁmatpgﬂ dm‘em zation of the
synthetic resin, it is possible to generate a first cross-section of the

bear i ng ajyg R4Sk th@\fiﬁﬁrprdaﬁ’ém%@&shgﬂasﬁon%%@e—rﬁﬁa&lﬁﬁna‘i@diﬁph@fhmdef‘e platform
is lowered by the |l ayer thickness so that the next cross-sectional plane on

t he sur f agfdhe hgpsingrpgilijinsserpled apd protofyping écglrmﬂu%ﬂwlb@ skrealibpeesghy B he same way.
Thi's cont §iptes, Mk bdpodith® molinY AR dgRe i Pestingdercan be renoved fromthe
contai ner. 30 Laser 'sintering is another | ayered fabrication process

roduci ng_a t hree-di si onal
P gFor cxaunpia e, in stereo ograﬂz

the co]mputer model is converted into a number of cross-

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

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

polymerized housing can be removed from the container.

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

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




from powdered materials in a |ayered fashion utilizingheajgegenerated by a
CO2 laser. As in stereolithography, the conputer nodel 1s converted into a
nunber of cross-sections successively produced by applying the | aser beam
to a thin layer of powder. The | asd2 beam 8 June 2005 12 fuses the powder
particles to forma thin |layer of solid nmass. The |l aser sintering process
allows for the use of a variety of powdered materials. A further
- possi bi | fubx ﬂie%mb&rW&&oﬁﬂmm@&w@ﬁ@hﬁ@n&e%&Eimamfgrp}da&sis m@wIet hod sini | ar
to that J inanink jet printer, i. e. a drop deposition printing, for
exanpl e, %g‘%ﬁﬁ%&ﬂﬁ?ﬁ?@?@dﬁ?eaﬁ@?ﬂb successi ve cross-sections using the
drop depositioning printing and, after at |east partial polynerization
whi ch shauhrttergossidankyis fo@;&ﬂu@ﬂ@ﬁﬁosﬁiecﬁoh@wﬂﬂﬁﬂ%ﬁﬂgg?m& Elﬁﬁlﬁlﬁ@ﬂlatbbédt hen st acki ng
to forma she It is an

them on_top of each ot her ~and.joi.ning the )

| or ¢ ant B PIE o 2 P SRDIP RS TR PSR TS BR ¢ hat 2

heari ng ficebssive rdss-sB@iohsing the didP iépbeibning prntiSPRQ) dfieCat Rukilpdit y canal and t hat
i ncl udes rlousfe ntegrated. f | ate, a ventilation
channel , ?ﬁ’gﬂgﬂﬁ‘g‘?}ﬁﬂi@ﬁ’%ﬁpm‘if abtg? %13@2 Bré‘i'ﬂ“al@’ “t“ﬁ"k“@r‘ilbeé{'gl ng means,
an ear \Am(to@taﬁcdohaladefomn@tﬂfemtsmbelep.r oduced automatically with a m ni num
of manual operations. Preferably, the shell is produced froma flexible,

sweat regsistant terial..The sho use a lergic
onct | ot w oy ar o EpdE & B s Rbatiidh e RGN oyl {nder . The
mat eri al hdﬁa‘ggthaismmltomdtesmﬁcmjyorja&nﬂﬁncahemﬁ;bmeswh&hsfemed agemt 0 a desired

color. Then ol ed in a.coloring substance of a desired
ol or . emgBgd Ak ey ueny B cigpt % Rh Eing PRBrEE r Ry PpEt T8 Enbod: ment s o
t he invemtgammmdsjanrewabguaed(mﬂlcm ae,otan%;g:rde@ﬂartoﬁa"cmyludmhtﬂm&ﬁmﬁer ence to the
dr aw ngs?# gl ch:. Fig. 1 shows a CAD/ CAM system according to the present

i nvent i P hows a cross-sectional view of an in-the-ear hearing
aid, Fig. 3 illustrates schematically the process steps of an enbodi nent of
t he pr eshnﬂerablm\xhaam&elbin profiared frem a flewdtile) swengresisting anaierig). EiechateFalghout i | | ustrat es
schemat i ca caue tuhrecprgtgo%ss steps of an enbodi ment of the present invention
for acqw T ng TRESH pe“of t'he auditory canal, Fig.5 shows a conputer
representation of the acqui red shape of an ear inpression, Fig. 6 shows a

t hr ee- di Trenbdllo aa prefemabiypoBshedibadeblisbihg aylsthel | Wit h al ready cal cul ated wal |

The material may be colorless or may be of a color that is close to a desired color. Then, the
shell may be colored in a coloring substance of a desired color, e.g. by dipping the shell in the

coloring substance.

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

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

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

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

for manufacturing a hearing aid,

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

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

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

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




thickness for definition of the interior cavity at thegyj gssur face, 8
June 2005 WD 02/ 078392 PCT/ EP02/ 03307 13 Fig. 7 shows a cross-section of a
part of a hearing aid housing with the acoustic output opening, Fig. 8
shows a“part of Fig. 7 in enlargement, Fig. 9 is a perspective view of an
ear wax™§A'8¥% pPig. 10 is another perspective viemP%VE(ﬂ@”g%r wax guar d,
Fig. 11 shows a cross-section of a pbrt of a hearing aid housing with the
acoustic output opening designed for positioning of an ear wax guard, Fig.
12 is a nodification of the enbodinent in Fig. 11, Figs. 13-17 illustrate a

- method fomguge dhbwid @6kEEdciidns Oparioh @ AR didIbuahwid B ksisiGuiptx t he 10
invention, Fig. 18 is a perspective view of an enbodi nent of a hearing aid
housi ng accordi®§™ the invention, Fig. 19 is a perspective view of a
face plate for use in the hearing aid of Fig. 18 with an inserted

el ect r oni Fignddushewsamgirtaf Bat7tesardeientconnected with the face plate, 15 Fig.
20 is a perspective view of the face plate itself, Fig. 21 shows details

in the desighn o i 2 shows further details in the

desi gn ofikﬁg #%g@gﬁ%5?%?ﬂ£#§?9§§5§%3ﬁ§ an electronic nodule for use in the
“hearing aid of Fig. 18, Fig. 24 shows the socket part of the electronic
modul e} 2&igFlGysis amptheppersgastvg vidweof e girguax gtarda, battery lid, Fig. 28 is an
exanple of a hearing aid battery for use in the hearing aid of Fig. 18,

Fig. 29a $hows shemel @k sd@ndes ﬁaﬂ!oﬁqaﬁéﬂﬁnﬁ@%&siﬂg wifl theHoubiRGBipyter 1 nstal | ed,

Fig. 29b shows receiver holders in the shell wthout the receiver, Fig.
30a shows the re®eEREAsHEnefiprpRsHionipe ¢fameas et guardg june 2005 WO 02/ 075392
PCTI EP02103307 14 Fig. 30b shows the suspension of the receiver in the
recei ver ®harmes a mbdificatidilof Sla embodearmFRS110f cross-sections of the
ventilation channel in the shell,

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

10 invention,

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

invention,

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

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

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

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

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




Fig. 32 shows a shell with and without a tightening r@g@h%?adg. 33 shows a
cross-section of a shell produced according to a preferred enbodi nent of
the 5 invention, Fig. 34 shows a cross-section of a shell produced
accor di ot her preferred enbodi nent of the i ' ig. 35 shows
a cros§@§§%'P%% of a shell produced according to stﬂ%ﬁ%%ﬁgﬁﬁ%f preferred
enbodi nrent of the invention, and 10 ﬁig. 36 shows various enbodi nents of a
face plate. Fig. 1 illustrates a CAD/ CAM system 60 according to the present
i nvention, conprising a processor 64 and a conputer display 62. The
CAD/ CAM s Vgt 30 sb@wsi te: sagpanpioa df thakcetlesin gia raacider climabef act ure of a hearing aid
housi ng conprising a face plate and a shell that is matched to the
audi tory I a.k i t.-he sh f the auditory canal
are recei gfggﬂansg&vls%}‘@% 8%9%5 gﬁcﬁogpéﬁ%te‘}e%rﬁhﬂ%%hﬁeelg g#%;il?ﬁbf the data, the
processor 64 fornms a three-di nensi onal nodel of the auditory canal and a
part of t K& Rorskessshdli il aedivithontadightpiireatieon the data. The nodel is
mani pul ated to forma three-di nensi onal nodel of the desired hearing aid
housi ng P%\G3ngh@vs%h:ﬂis.4—seﬁttbﬁ5f E_fm&lpﬁ?%cédrﬂ&‘:oﬁﬂlg!tct Qﬁr&eﬁeﬁ@ﬁ*odﬂéﬂﬁoflﬁﬁa“ ng aid
housi ng nodel is further manipulated according to well-known nethods of
syst emE™ ¥ %esi gn and produce a 20 desired hearing aid housing. In
t he design process, the nodel nay be displayed on the conputer display 62
i N vari ouBigt¥r ehowdianpesicaionbf asheMpodasd atoomding ko mtEd: QRAIreCaMSnBRCt | ONS,  and
vari ous operat gL coggnglled functions for adjustnent of the nodel are
provi ded. Duringmfﬁblﬁé%ign process, the nodel of the auditory canal
remai ns unchanged while the nodel of the hearing aid shell is subject to
modi fi catFigr? ahaivsadobbstdedsion off shallgridoess adcerling kool anbtber RFerraddel s may be
di spl ayed in d%ﬁ%&ﬂr%'éﬂﬁﬁhﬁmﬁﬁﬁﬂés’ and the shell may be displayed
inserted in the auditory canal’. For this and other purposes, the nodel of
~the auditory canal may be _displayed transparently. Upon conpletion of the
heari A¢ alig 3o kavs garBtiabodipsss f g facerlplendi ng hearing ai d housing is
produced, e.g. with an integrated face plate, based on the nodel and

utili zi ngrig. 1rilRirales CHDMEARQRLnD 26:é¢dthE 338 pRe ilFERRA Qa3 Riking 45 Pr ot ot ypi ng
appar at us 66.I41t£e shomm.epbgdi nt he rapi d prototyping apparatus 66
o oL SRR ALIEIE U PR AT RO STy Oip PP et sk g 2
schenat i Cahdufctsile 0fwhearingialitHolvthg edfiprisia@t Fabgplaé £hd & GhoWitabis dacipakdind that is
cover .e d bz}{ldﬁlor; f?é%aq of a user. Data representing the shape of the auditory canal are received and

15 stored by the system. Upon receipt of the data, the processor 64 forms a three-dimensional
mode! of the anditory canal and a part of the corresponding outer ear based on the data. The
model is manipulated to form a three-dimensional model of the desired hearing aid housing
having a shell that matches the auditory canal. The hearing aid housing model is further

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

20  desired hearing aid housing. In the design process, the model may be displayed on the

computer display 62 in various three-dimensional views and two-dimensiona] cross-sections,

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

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

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

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

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




plate 2 with a battery opening 78 and a m crophone opgﬁxﬁ&gz S The hearing
aid contains a 5 mcrophone 3, an electronic anplifier a battery 5, a
receiver 6, an acoustic output opening 7, and a ventilation channel 8. The
genera ﬁrgi anIe of a nmethod according to the invention is shovvn in Fig. 3.
A scheWBO¥EE2y shown ear 11 posses&es an audi t ory Y33 { he shape of
which it is desired to acquire and represent with digital data. 10 In Fig.
3, the shape of the auditory canal is determined at A and digitally stored
inamenory 13. The digital data are converted into a three-di nensional
conput er pEWEPDeAppatEs 66 & the howipmbadihent Ahecrapid protatypiag spaemoitis44. Model s of
conponent hearing aids are stored in a data
base 15. §(ﬁ&%m gﬁ%ﬁl&é&%ﬁ%@ﬁﬁkﬂﬂ%% %3?%656 di mrensi ons and perfornmance data

of avail abl e conpaonents and features, such as various sizes and shapes of
recei ver s FigabschimefieslInshews an i fhsteprtpasios aid 40 wignasbelbh batds qouged bypdace The dat a

stored 'ngﬂ{aﬂa@ mraaatfzpjr@ényngbé ad ik Rndpeenglfe. PleBedrineRd 6ol Red at C to

i ncorporate the necessary u %I ons or features in the three-di nensional
conput ér FrifdRpponed, @leeﬁf‘m%iﬁmi’ 1ef @ batfery 5, h@a‘i‘Y%@a&P@“S“FPPt% R?B‘P%?mm way. As a
resul t, aamQehRdtensmaels.of a hearing aid housing is obtained in the mory
16 which may forma part of a data base for storage of conplete 20 nodels
of hearing, ai ds., The t he h usi oduced . i onputer controlled
product i oﬂh © 25PE LR 9 4 TP %&ﬁggtgzh ﬁé °“6"Im]?ﬁ§‘§ousi ng stored in

t he menor ychddaticalllyshowmiemrdil phssssseo in Adisyedanat 1218 kitge sforhic @rtiedesitedkang t he shape
of an audlt na tlcaIIy shown in Fig. 4. An ear inpression
18 is madé&™ %fyatﬂﬁgepré%amé‘i?d\?ﬁ% hn;‘:its auditory <canal 12 at A, the di nensions

of ear inpression 18 is digitized at A2, and the resulting data 25 are
st or ed0i nlnHig 3rtberbapy of 8o anftiten canalhﬁeiet&amepdaté agslohaitelit stogediime wemory

t hr ee- di Mg} ORAa GO RrtedTREE ! nﬁ&gl ctoﬂgutéf%ﬁél of e $biP4t@d I N the data

menory 14. NMet hods for scanni ng and g|t|2| ng the outer contour of the
i mpr essi offdaried ingelata Eppay 4. Medalp plsmponenss foresdatuss of indhg-carheaing aidy t . A

variety o&e%a@ﬁ%raﬁm%@lwmr@mtam 15 BorthSR HimefvichS AP ormhabP BatdVl nolta VIVID
900 available fromMmnoita Co., Ltd. in Osaka, Japan, in conbination with

30 a 3D pRcalPlsprigPonsats ard fewtnres, ich afpEOVs HigshrmdahaRER o o dhagi ¢, I nc., North

Car ol ijpa, mkd honbagmpmu%@uw&e&gfe@ctl ve. 8 June 2005 WD 02/078392
PCT/ EP0O2/ 03307 16 Fig. 5 shows a conputer representation of the acquired

udr tory Al e bRl 1 B fandy e St emb i e e,

the necessary functions or features in the three-dimensional computer model, e.g. of an in-the-

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

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

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

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

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

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

been found effective,




convert the data using algorithnms well-known in the fkgéuﬁj ﬂiOSCAD/ CAM
technol ogy to produce a three-dinensional conputer the mat chi ng
shel | of the hearing aid housing to be 5 produced. Fig. 6 shows a

three nal conmputer nodel of a shell wherein |1 _thickness has
al ready gg’gﬁmgél ected for definition of the interi or% %’Qﬁ et i ned by the
shel | . The conversion of data into a“conputer nodel may be perforned

interactively under user control or fully conputer controlled. Suitable
CADY CAM progranms Wi || be readily available to those skilled in the art A
vari ety ofigpt dgFeanempeior topesentatidn of fhe@ADIr@ e b gr eanimpBssen.oNENG NEER

avail abl e e&) e&HhPEésh c%ﬁggﬂﬂwgégﬁ%%%%%ﬁ%#ﬁl n%éa y 1@%@%&?%&“”‘1

effecti ve. a part cl’n I nhér ear. The
recei ver Gml"f’é" qlff ‘Faﬁi‘ﬁ%sﬁﬂaﬂlé@ﬂﬂwlst%ﬂémowmﬂlpﬁﬂd pﬁﬁAD/QGMthauoiqgm triediucsat es with

t he acousam&e%eegsnap&ﬁ@ht%mael%hﬁeﬁ%&%éﬁg%%%laaf}mg%#%m gapal 21 forned

by a hose nenber 34 de of plastics. I'n order to SNt ani nati on of
t he 153i nPafices Figro shaws 1B Aiggosionglicerrpuges modrbef ashellsdereinall Sirkesss ng t he

acousti c ﬁastapéaay&aemeeﬂaiordﬁﬁu@@&fthe\{\@ehogéﬁ%&ﬂde%&dlbim@%ﬁﬁ.ed therein. As shown
in Figs. 7-10, the ear wax guard 22 conprises a short, essentially circular

cyllndrlcﬁ1 tubul ar . menber 23 wth a |l ength and an outer dianeter adapted
for inser ecﬁm‘eﬁ’t"f} Rtz 1R A ropRPler m‘Eﬂ‘j]thaé(tb"’E‘é'f?&PedZ’?ﬁmﬁﬁﬁf’ﬂy ¥der®estonal fit. 20 An

essent: ?I bo;nlzrﬂlorﬁ:ujrmmpow¢ombllbd:ah1tableCﬁDMMBrogﬂaﬁs {willgygkeadd ré’@diljh bﬂét323hl S
partially,c X retainjn rrler at the end that is

i nsert ed |ns[coﬁﬁfgul %8%5%”586% Oﬁanﬁﬁjﬁ%{’ ‘%TP LaPrgm 25 may constitute
a scraen MmmamlemmmmhémdSMacﬁhﬁmUSﬂ,hE:H@enf&uQ}d At the opposite
end of thgff t(léj'gul ar nmenber 23, the ear wax guard 22 has a collar 27 which in
the inser position sealingly abuts the end wall part 30 surrounding the
acoustic output opening 25 7. In the shown enbodi ment, the collar 27 has a
convex upBer’ skiwsa paxh af B@dhb@\‘#@tb‘?m@rF@-I‘thgccelmﬁlsalbistrdtadvmalsl de, the

per | Pher ahuflgif: 2 fnat ffnfillhiat m;(e%qgm%&'osgﬂ%%l ol AN gLt sealing

lip 28 agalnst the end part gree o securlty IS

obt ai ned %ﬁgfd?h@fm%bgra&tlﬁemmbqr34@a¢eoﬁd9@uem@@rdemevq@@mq@mmqongﬁge of the

col | ans anglelib@r @ehoudiaX 1 SitREthnth bil ead Waxl PSS, ttfedac&lgédomp% 7l @t he cont our
of the shell. This is very inmportant in réelation to"co t, especially for

Cl C 30 (%W@F%??Plaﬁdt‘#?@%anal) hearing aids which are pI aced in the
i nnernost sensitive part of the auditory canal. 8 June 2005 WD 021078392

PCT/ EPO 2/&?@% in Fifs. THI®, aéar Wagu@dar ehndasek & sHERIvabeatuliy liRMattidint£S1 | | ent
materi al , gulll %Ilcope rubber or a

"tu member 23 with a length and an outer diameter adapted for insertion into the acoustic

outlet canal 21 with frictiopal fit.

20 An essentially circular cylindrica} bore 24 in the tubular member 23 is partially closed by an ear
wax retaining barrier 25 at the end that is inserted into the acoustic outlet canal 21. The barrier

25 may constitute a screen with loops and radial threads as shown in Fig, 10.

At the opposite end of the tubular member 23, the ear wax guard 22 has a colfar 27 which in the
inserted position sealingly abuts the end wall part 30 surrounding the acoustic output opening
25 7. Inthe shown ermbodiment, the collar 27 has a convex upper side and a concave or slightly

conical lower side, the peripheral edge of the collar forming a relatively thin and soft sealing Tip
28 against the end wall part 30. Thus, a high degree of security is obtained against migration of
ear wax under the periphery edge of the collar and the ear wax guard will in inserfed position
follow the contour of the shell. This is very important in relation to comfort, especially for CIC

30 (Completely In the Canal) hearing aids which are placed in the innermost sensitive part of the
auditory canal.




t hernopl astic el astoner, typically with an outer dianggﬁﬁe 2 25-1.5 mm
and an inner dianeter of the bore 24 of about 1 mm FOr an |nproved
securing of the ear wax guard 22 in the acoustic outlet canal 21, the
tubul ar 5 nmenber 23 can on the outside be provided with nmeans for

fricti oNQO28%YP4gement, e.g. in the formof at |eastPTAE ¥ unferenti al
bead 29. An ear wax guard as shown afid descri bed may al so be placed in the
ventilation channel opening in the shell. In the enbodi mrent shown in Fig.
11, the ear wax guard 22 is nounted in a bushing 32 with an 10 annul ar

col | ar 33ﬂmawmauzagaﬁmmuhﬂama§iﬂﬂerm sﬁchessamshemb&;opart 30 of the

shell 1. The hi 32 is preferably. mde g terlal that is nore
rigid, gl PliSE Rdors. e Wit apfeqs o o2 S 1 oh s br 34
serving asﬂﬂ&&mﬂﬁuﬁdmuﬂhmﬁ canal 21 and the ear wax guard 22. The bushing
32 is nounted inside, the hose nenber 34 and may be fixed to the end of the
hose ne | t he col e,.end wall part
30 and/ opporan rcp%dg gfstgeretar\éﬁg \élé}gﬁ)mthea rd ceoF%rtl'E’:aél‘:ﬁ]25 (%h&tu%u}aﬁe hose nenber
34. Pr &f emaigbey 23 talnen pleputpthé’pyromd@bw&maaﬂs ftuffactmdl brgageBintieg. ndlger ed to
~ provide a i o di LN Skl ween the collar 33 and the end wall 30. In
t he enbod?%%ﬁf gﬁ i E EQQMﬁ? a nounting bushing 42 with a collar 43 is
adapted to be nDunted dlrectly in the acoustic output opening 7. The hose
menber 34Ap & ¥k graghes show aadidescopd gy pla becrlaved in the verlptidsestiapdint ed on t he
out si de o%mbm%mhgﬁﬁapg 42 as shown in Fig. 11 but in the enbodinment shown

in Fig. 1 e hose nenber 34 is nounted inside the bushing 42. Fig. 13
|IIustrat§§ fi thc of a Ig 53 to the end wall part 30 of a shell | by
cutting t BHPERS FIovR Ffige ¢ fhea%fwaﬁavae%%?éame‘g?f@éw%@%ﬁ%ﬁmn grinding to

obt ai npa &ﬂﬁl@ﬁdﬁﬂdrBﬁﬁ%bﬁﬂnﬁﬁﬁaéﬁﬁit%&ﬂtsxd&&&h&@hLvﬂ[ aa:30 otk héler. g wal | part 30.
the 25 ushlngs 32 and 42

Also int d 1
with the 'ﬁpﬁ%%' gﬁgh %%EQ%H%PEBH%  Gtéh m@ﬁ%?qu!g He sane way.
As shown ihs elEstlghose fadmiler 34 detvinig s powtiestiectatahzil ant &ECEECWEJ{ gxra:dhzasrhb he formof a

di sc mnth £l at. surface abut.me a Jpart 30 of the
shel | '25‘3‘“? d‘m%egimlde{hﬁ OSG ' "ﬁé?‘f“ﬁ%? Q%%;eég;ﬁh Of\éﬁ 1 is provided
wth a fla:bmmﬁwmhnnmwﬂémgofﬁf&cﬁnm%em& waﬂp;fwt)huﬁlocmhhjalue. As shown in

Fig. 15, % Q@LA@%&%&% ng%rhg%eig%“eﬁi so that the surface 58 is

count er sun earin 1, preferably w thout changing
shel |l wall thickness. 8 June 2005 WO 021078392 PET/ EP0O21 03307 18 As shown
in Fig. 1Brefersbiy; theperphseetgcd7? of the eBarSA dd thpemed tafyevida @ swootheirapdtion34 nay be

provi ded Wdddn the collar 33 and the end wall 30.

B

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

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

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

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

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

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

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

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

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




a surplus length which is guided through the acousti 089#111 05openi ng 7 in
the end wall part 30 of the shell 1 and fastened theréto by gluing or
wel di ng whereupon the projecting part of the hose nmenber 34 is cut flush

W th thﬁ?g%&'/ﬂ'}(s?ﬁ.e 58. Then the shell | nmaybe provi de%aﬂé@%&g@ol | ar 53

wi t hout mounti ng bushing as shown in Fig. 14. The c0 is fixed to
the surface 58 by gluing or welding® or, the shell | may be provided with
a nmounting bushing 32 as shown in Fig. 11 with a collar 33 that is
inserted into the end of the hose nenber 34. The assenbled shell | with the

col | ar 33 AeshobBinTig) i6, dating Assértdy ek stall 1, thp Bdst m3Abep B4 ikybeShelabd with S  shown in
Fig. 17. 10 Fig. 18 shows..in. nore detail the nount.i f an electronic
nodul e 74aﬂﬁpl‘ésq%“é€§r“¥mﬁ§’sa?“&eﬂ%fﬁ‘éﬁ%a° B Cod oS 1 t"&%ﬁ%‘ﬁﬁ@%‘ﬁﬂ i nventi on.
The housi nfjhelsBelChang fastemed thare®lbg |ghning oaskdditgewheteopdnhie prajusdigpar yf thianal and
having a gener ¢ | | hape fac | & covering the

out war d og%sﬁ ngﬂ%y}?h{éﬁ%ﬁgﬁﬁm%%ﬂ%g%ast?h&y "F}i“’glﬁ”g?ﬁ%‘{“%ﬁwf}b 8oxlﬁrect ed with
‘the faGe P} withoui2 meyrfthg Gyshing kssbewnoin Fig. HoThslcellay 43 i Avddmgihasufae58phone 3, a

. signal pr aﬂlgﬂ, r.or 15.receipyer.in. formof a
tel ephone&g.ﬁg%@uﬁ%ﬁgte 4 rf%?g’gﬂ gd;"’g’.ﬁln“t‘g"él?té‘%é’}ﬁ“ 8%a3[)sfl%v¥ne&,'pﬁb\/\ever in

t he shownlevilodiohas 33 thattigipseftesideto the kritaf (@ hiva selbee 34.manuf act ur ed separatel y
fromthe shell 1. Features of the face plate 2 are shown in nore detail in
Figs. 19 eROs@PuleddhbiPl witithd doldr3d of PendhREEodthtng wat ]%ﬂ?t sbbfmsdgl {31, the
contour of the face plate 2 has been fornmed by cutting or mlling according
to the jufePrBFi®b-cont our previously specified in the nodel of the hearing
ai d housing and al so defining the outward opening of the shell 1. The

f:ont 0yo cpig.rleam@cﬂmge%e&jzrzﬂwnd;mmgbf?r@mmtcgwaﬁh%ﬂu@ﬂiaaﬁlagﬁaihogaﬁga ﬂashﬁd”
ine 2' in Figs. .19 and 20. Havjng fastened . the e te to the she

1, e.qg. b@’“&‘%@?ﬁf&%"?ﬁ%se“md?‘ﬁwﬂc %‘rﬁ’éﬁﬁ%mﬁp’és%f}‘ﬁfgﬁfh&fﬂ?ﬂ’é hearing aid
housi ng. huditdrgcanal andtpang agheralydianihageicoEhapd) b faceplitoteovaity aef t he present
invention_that the el it.h 1. f.a | ate .2.can_25 be_cl eaned after
the fini s?n“&‘ﬁagfé %PS’“?%%?‘%S °¢laljlb"¥\eﬁ“§?‘y é‘gﬁ&&%’gﬁﬁ?’ Bonggefpa g %ﬁ%%@%%zt%fﬁ’ol | ution
during t¢letroniennedalei7hbavings nsdrephonei3na fgrglproctBerd2nd aschaltt@sdice®dpeni ng 78 1S
formed.in_fhe. : I renovabl e arrangenent of the electronic
nmodul 25 74&%\%3&21%%%“ tog%@eé}gitmg' may be fornmed as shown in Fig. 28 for
insertion in the lid 73 that is formed as a battery holder. For this

pur pose, Thedachalete & mify Bornapwmiadgacy slaedopeicsiasheghdwregbodinegl, e f9 f or

pOSI ti oNi fige Phas b nRAkAEEM s@aqmgﬁ%meﬂﬁ%aaféesl%%e (e thErewi th for

insertion of a socket 81 of 'the"electronic nodule 7 ousi ng the
M cr ophon@own g mogeletailindigs <9 agd ) Prior (e e fo2 plate § Yothe a1, BR02/ 03307

contour of the face plate 2 has been formed by cutting or milling according to the junction

20  contour previously specified in the model of the hearing aid housing and also defining the
outward opening of the shell 1. The contour corresponding to the junction contour is indicated
as a dashed line 2’ in Figs. 19 and 20. Having fastened the face plate 2 to the shell 1, e.g. by .
ghuing, the other components are mounted in the hearing aid housing. It is an important
advantage of this embodiment of the present invention that the shell 1 with the face plate 2 can

25  becleaned after the finishing so that the other components are not exposed to pollution during

their mounting,

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

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

microphone 3 of the module.




19 To retain the socket 81 of the electronic nodul e 7g,uﬁer50%gr al engagi ng
nmeans are fornmed at the edge of the battery opening é as shown in Figs.
19-22. In the shown enbodi nent, the engagi ng neans conprises a pair of
grooves_82 and 83 which are arranged opposite to each t her at opposite
edges O‘WOIDF{%785°ﬁttery opening 78 in the first region %”fpg?’%ﬁ%?si tioning of
the 5 battery. These grooves 82 and ¥3 serve to retain the socket 81

agai nst displacenent in the plane of the face plate 2. The engagi ng neans
further conprise a pair of tracks 84 and 85 facing each other for

r et ent i on Tofetaithige spckek ¥t of 8¢ elagmiin soduld Bipinegrelmpgaging means ghaformeigit ths t 0 t he face
plate 2 i : : 3. I f. the socket 81
“agai nst d?&sgglﬂg%%%gn %#éﬁm% Fg&g%%’élg? I[’*ng' 1%%'%@%‘? %ﬁ\%"?%doﬁ%?&’e%%agenent with the
engagi ng FEsaRing Menheempiises » prr of roevepd2eand 8Dwhichivee wwanged pppesite tfeatbhe el ect roni ¢

nodul e 74 ; ' i ; L fs W th
| ateral | yorhg%(t)jﬂ@gs'lt&? gaggaﬁfgisegg%woglr’ﬁagrﬁ?%%%ﬁ%ﬁgﬁoﬁgbﬁoacégﬁ%4 and 85, and

wi t h aScabatters; Kese geoves\ia aef 835pres ta etdinthe Beket Hrageipy digmseamvnt nihedlaphe not ch 86,

and Wi th pr@t fHechidD. ThSdnkdgfiR mehdd 858 20kfize 2 bRCRIERNed Ad §9 6y AQves 82 and
83. 15 When the ‘electronic nodule 74 is arranged 1n the face plate 2 with

t he bat t ePthenfprgetontionofifhnsacket 8 geainstylispliesmsaiat vighbapsisniovhs facpplpfeddnto 18 and 109,

t he partSﬂ:léfshc]]h%n&lﬁﬁch@@_lﬂrfcteﬁﬁkﬂllb?%pEd&i&@ﬂ@dinit@fsplanﬁh&rﬁ&%%ﬁﬁsﬁt& n the shell |
under the face plate 2, i.e. the signal processor 9 and the tel ephone 6,

axe passedi¥ough the battery opening 78 down into the shell 1. The socket
8l is then placed wth the ribs 87 in the tracks 84 and 85 and is

di spl aged Rorengagernnsraithabk dngapig tearts iemdl ia e f20é plith e, 2ofka®e ophait € 2 so t hat
the projection 838.1s, ,brought into .enga t Wth the notch 86 whereby the
resilient °F‘ﬂrﬁgwgﬁdlgﬁ%éoaséﬁ%gﬁg’c\%""'&fﬂ?%%gg%%&é\é\%gﬂedé’ﬁ@mg?hyme engagi ng
nmeans at pio@ctnggibs87dbr atrugeinsut tndiieytrackp 84 and @5, 484 aitida ¢ahelikdbckivardg engagi ng
means on . : roni .e 74. b ormed so that

t he el ect P%E?t{:oﬁ(r%g Sknégéﬂ’g’;?m%gg&s@ Gsﬁglggtq%ﬁ{?ﬁggﬁgﬁmg’fgg‘y% ?99 Gt angle into the

second r etpconn BOhaghoovésd2bat #3ery opening 78 and is 25 then displaced in the
pl ane of the face plate for provision of the engagenents descri bed above.

Pref er@bl ymel@¥aY&bnic ﬁ%léﬁ@%%ng@émith%_f&éﬁﬁtggﬂtﬁﬂﬁ'ﬂﬁ&%ﬁd%ﬁh@t%' e into the

battery opening 78 wth abutnent on its edge at the ‘notch 86, whereupon
t he sockefutiiethpposigendioymindizpy|18ewl Qe paptaefitherrisgirans raodglaiptepded forof t he

resilient gldigineB9n i 53T i RR1OHOQYE TR . A0 siB1 fosks@f 0 hild e tdhpRILGL | ON 88 with
t he notch 86. IBn t hi s desi Sn, _thegﬁendlof 'ES‘%% ?‘Packs 84, 685Pand the 30

cor r espondfe hysedfyeush fhe bafieryoperinz g dopgintp fe sl debhepesketl isiher Platsdt nent and for

r ;at ent izonrﬁﬁ the B8 87 Hi0BKRdcks 4 ﬁﬁcg@ ﬁiis dihISdRA aﬁepjﬁasa thWardsR pﬁh@lﬁle?egf the face
ptate 20 afaEztee Il)’latc%) gonﬂt;lalt ?hgc' p1%§ect£on%8 ?s%gouge}}t inltoncnga:[gen?ﬁnt gltt]} ﬂelfl; %llotc?lgg \rv]vilerxl't%y the’

resilient lugs 89 also engage with the grooves 82 and 83.

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

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

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




8 June 2005 WD 02/078392 PCT/ EPO2/ 03307 20 Wen the gljg&tj@gi c nodule 74
is renoved fromthe hearing aid, the resilient lugs 89 can be released
fromtheir engagenent with the grooves 82 and 83 by neans of a suitable

t ool , n the socket 81 is pivoted upwards w k edge at the
not ch 8%2%%%2 pi vot point for release of the pr ojlxeégl‘{'%l@ﬁ"%@cfrom its
engagenent with the notch 86 so t hat® he socket 5 81 can be renoved from
the face plate 2, and the other conponents 76 and 77 of the electronic
nmodul e 74 can be lifted out fromthe interior of the shell 1 through the

battery o thegel®tgond moduleddss rgmovedviien e hiveinsod, ke tresBidnt bgngdmanps vot ed i n and

out of it kL. | i-aldy us, sjnc ngagi ng nmeans
82-86 in ?c Ilqe?%ﬁ gg%%ﬁ,eﬁggg%%%%@éﬂ%gﬁogi@%\g@%ﬁgn@gm(?g%és@[taltb@?oogo not require
space f or whirgipptbesnsket 310f pivetel upwekewitGhe Haok wlgt 3 e metch Bras MO pivt i nsertion 10

and 1 ey gl sl hrdlen it ﬁm@@afga%gk@giaﬁ Ino B GG 16 BuiOd et ent i on of

t he socke , since he resilient roject into e region 79 for
posi ti &ni Abceappe remaved fmdhefacs plated cand e othencerponentsitfitandyT7onf the elecirosie r ong

fast eni ngnRkuld NLaSRAMEE ok iom Rl BYEH0 ofitfetndn rﬂ%@gﬂ%%at&?yaakﬂi%gysput after the
nounting. The relatively large length of the resilierit "lugs 89 projecting
into the region 79 sinultaneously faciljtates renoval of the socket 81
since t hemgﬁlgﬁg”hﬁﬁe@eﬁ%ﬁéﬁcw Pigetedis and pyLef dppasitionis &PpgllBy a rel ativel y

snmal | useadvhnt{gedus sinclthe digagipliedns 8718kSin Bis defifn, hpd FroM Being fofed21 Shows an
at_the edge of the battery opening

alternative dg@i%n of the egg |£% rrean% )

78, the gf'GBIEY BIHRHIBPES, r?ilg? PR egthe sagkel pliate dieyeeiondd ddnselieksses 90. In
anot Eeo mﬁ&hﬂﬂvﬁeme,dcéi@ﬁtgéﬁﬁidﬁﬂcBﬂpﬁ?ﬂieﬁg”oo@ﬁ&&;c@ufmdmt gificel Nt O %roove
tracks 83 i.C shown i n FEi 20, .expan romthe aperture. This

desi gn provt %ﬂt]&ésg%Pé?'{%cg’\é%r‘?%’ﬁ?gm&g’gf%@b%mg%gﬁ“ﬁbéﬁetw‘P"HQ%ta%@"ebgr eventing

uni nt endetiatprorgait k sigpng Easteifig of fhg agkevemt prevaim ait hiéitenecdpOdtingont afef thé he engagi ng

nmeans i s _ i i elkn th cond reqia Qa .of the battery
openi ng 7]@&%'29 i@%%ggﬁ%gr%g@gﬁg%ﬁ%@ pf?%g?&mnt@ eéeﬁﬁ’n&% and the notch
86 are repiltosdsipiacilintwareobyl oftejsedketisih gipcedbcdigs @9 are psh@ibuatf opposi t e edges
of the:b i - i ni ke i h directions at
ri ght q%ng%n%ge%gﬁtg zﬁg&?%créﬁt&e%? ‘Ié’gjz‘{%&}q‘é‘%‘l‘g]%é%ﬁgtﬁ‘i&%%% Wﬁﬂlﬁgﬁ%r ooves in the
socket 81 instead of the ribs 87. As shown in Figs. 23 and 24, the

pr ot r udi n¥jer4d shavs ap lternaléys dggnpof Besngransgaensat thgadspefifhedaitaratreyivg be f or med

Wi th int ety gk plaadel 82 dhd 8EPdHgINRdYS upWiISS clo@h 1eBlsscd B i dniflerOf the socket 81,
the lugs project into the first rfegion of the battery opening 78 where

they cont @ebodiprrl. hegrpyvpsiZand§3 qpppeout dosppasing grogyrdteksidsa wiigh, 2528 when t he
pi vot al | sh6wil i3 FigS 20, BxpahdSirord tRSAHekiuk) Thik bQfEn praKdhSoct2AWMBerhel: JrigS- 18 and 23,

the pivotal_ battery I|i 73.is_hi -connected to the socket 81 of
p20 resilient lugs 89%reven%ng tnintende pﬂfgt?ng out of engagement.

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

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

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

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

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

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

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




the el ectronic nodule 74 by the socket being forned wktjh etﬂ ge beari ngs 94
with holders for a pin 95 which can engage w th hinge i%cks 96 forned at
one end of the battery lid 73. 8 June 2005 WO 02/ 078392 PCT/ EP02/ 03307 21
To retaj attery 93, the battery |lid 73 has a i cylindri cal
wal | 9%@)?%’@5#@ over at |east 18T and defining a%ﬁ@%@s\éogpace 99
together with circul ar-section-shaped edge flanges 98. One termnal,
usually the negative termnal on the battery 93, is fornmed as a pole button
100 as shown in Fig. 28, and the cylindrical wall 97 at one side of the
battery |Tdre¥a31tﬁﬂ)ﬁﬁdﬁ¢?ﬁ-5ﬂ1ﬁ:6d’tlﬂﬁb did 78 hidg a@ﬁrﬁ?@@@&ﬁcaﬁmwhiaﬂmﬂﬁgev&m whi gh, at
correct ajr e t.0 att encl ose t he po utton 100, but

whi ch, iffe?ﬁgit%bgﬁ?“éfwgiai’g‘f" Shaes 4 ket 8%‘@“"&7‘03??%?‘55]@?@5‘?&?@6‘&% of the
battery | 98 Ofdtermidei, sspliethierpive radidl bothe Bifteryy D idfodnic@ ass paletblitoan | ncorr ect

pol ari zation. .ln t nbodi nent. sh wher.e hatt. |i.d 73 is forned
W th edge&%zsaﬁhé"gg zza? a%%g%&g?‘{%ﬂé W%eato%ﬁsggoé'gce'fa%%yé‘géyemﬁy Ibgnge 98 where

t he pobe frotddorith kO@pright apdudac etde 16 Whinhnat dorsittalrargercapofdediieny, ddldses 10 provi di ng
oo {01 big Rkt RSO NaR LS ALLERYwlohfd kot hgaSdgubhe

circul ar-Section-s aped edlge I"anges abut g Be BRYEF o7 oFl the face

pl ate 2 abattemidid fhaEhis gteventsynsoiier fhg bat8ry vathsu mcmgctpolkriztdn. Jpdsi t i oni ng of t he
battery 9 L ehitfow bd d QR ud M o7t j41: i L attery

openi ng 78. 0% \?atn?ogél’g\g%sl%, F%rgﬁﬂatclgﬁgfdgt@e?gg%‘%%sg%gat%&é%%sg?sc wi t hout

pr ot r usi ofide of te edga dangn Py whoge the pploiniendl§) isphecdisfourfed witys deprgssn 10he 15 heari ng
ai d i §pSi pBti@inFleARy: 1R tiigkr t1 On and renoval of the conponents of the
hearing aid are easily performed. As shown in Figs. 18, 19 and 25, the
design of the battery lid results in retention of the battery 93 with

uncover ed Bk thehaiery B¢ 75 ihclpsed fhsciquiprprstiourshapsdedee Pnees §R ebpbie eftdiot he end

surface off thdtiee pRRD AN BPRBEY bRning Y, EdsBrind QortddiRosiAdningloPEsbMe9b3 t he battery
lid, the termnals [ | nt.o contact with the integral

are_direct]y brought 20 t
battery t@l‘tﬁi”ﬁétf"é‘“ﬁ%tlilfﬁfé“@é"é‘i Pi"E‘ﬂ?b“l"%@gP"S@g6’#19‘9?@3%‘6’3%%@3@?139—’(? the cl osure
of the bat foaiya dlineldisd Withotithiotrufdeat for Ok bithas T ahtrkidl theymaithdnitlg ofad wal | 97 wi |l |

furth re.be.placed .up agai nst the sock 81 il he, remai ni ng part of
t he cﬁ% g&%ﬁﬁ#f%ﬁnﬁegﬁ%‘%@@ A reﬁjﬁﬁgtreté“i"g’p%?“éfeﬁ]&f’l Eg’é“élmgﬂ‘*any socket
t hat woul gsityalegformypd. space in the interior of the shell 1. The wall of the
shell 1 can be located very close to the battery so that the shell can 25
be fornmed,w L 4o i . LEi ;g. I te
posi ti oni%%\ghgﬂndﬁ ?%tL'elrﬁtledm%{%lfﬁg %lg%&e%dbg%#%ﬂm ulﬁgéﬂ?%h&%éﬁgﬁ i&{{)'3 to the face
pl ate 2, Fwdthapekeed Bltery teppuoals formef by hepdethugtort 190 pidithd ed @fagfof thhe el ectronic
modul e dy e ol <0 G ' ' ' t j idit
T es a{i&g'gc%)?ﬁ%tag%igia =5 op B'{)sﬂ%tok’ BP btfedy o G MR G dR@b Blodent

20  into contact with the integral battery terminals on the resilient lugs 89 on the socket 81,

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

25  be formed with small dimensions.

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

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

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




battery during closure of the battery lid. 30 In the glJS‘%id@i c nodul e, the
m crophone 3, as it appears particularly fromFigs. 13, , 23 and 26, is
directly connected with the socket 81 and communi cates with the

hrough m crophone ports 103 and 104 forned in the socket 81

surroundin 5

and the 83?’?73 % 1id 73, respectively, so 8 June 2005*4AG"H%98%8392

PCT/ EP02/ 03307 22 that with a closed?battery lid they register to provide
wel | -defi ned sound access to the mcrophone 3. In the enbodi nent shown,
the m crophone port 104 in the battery lid 73 is fornmed as an open slit
\mhi ch canmbmmlaenmdawmtme;yeégmeea@}dvmehm-mﬁéuh -sﬁcgldta&%lshﬁﬁé ery lid f73- hAs
shown in Fig.. 23, the signa r ocessor with the anpler circuit of the
heari ng a{nifﬂipléong?"c[BH]ﬁgﬁlJ?t’gﬂm\‘}'i %% &QW@%WP%WJ{’%&?PF“F‘@PW%‘&I s 106 on the
socket 81formsdds aopeestipolidi dagby/cleahdd@elativelly eqifdiy@pingShaafperd Bd Wi th the
signal processor 9 via flexible wires 107. This allows the nobst suitable

arrangene i | gcessor..9. and._.the. tel ne 6.j.n the
i ndi vi dua ?l%%%%%' 2%%3%‘5? ﬁ%rf?essﬁ g Beymp ‘Z’i%‘% oﬁe‘?%fwdels an enbodi ment
wher ei fi t tronecied Bk feriblé wirds A8%p tepwlinilnlM6@c the veeket RY lastbrosespdi@ingty, thn t he f or m of

Shel | D1 OLyishafts et 8 2l ML) v Bl s AP B GwOhc e shel 1

Preferably, at lTeast three pr SIons, such as 10 rotrusions, are
provi ded fognt suitetdednpngsgem nfihe fighaldireeesserifand thegleptone Ginite islisgdwally way t hat
mechani calg,widdhaf1 ons generated by the receiver 6 do not propagate to the
hearing aird shell | or other parts of the hearing aid 10 causing e.g.
unwant ed feed-back or other disturbing effects. Flexible suspension of the

recei ver Behetagabitt ihsidran cubedingal wheeinsbe seefyer if ipsqgedinigeirr bgldshe or nor e

f1exihhe iEnas fobd of BellprottBE: 0 fexiSlaldy GGy intd e R4HgbME AMd_Cl ut ching the
receiver %Qd havi ng at | east one bgead or protrusion 83 _encircling the

6 s ..
recei ver BeSANGaHeaTHMEEe RIGERSIO0H el pyfpu progrsiont SemEviigd RoUrAinegdf t he
recei ver Imldilg thetrb@iviiesin budla Giyoihdd @d&amehl vibtaGhns 2Berated byusd kalveSe @& recei ver
chamber 80.t hat &ié%ﬂ%\c}ﬁg%#ed to.recejve and hold the receiver 6 in 20 such a
I

way that TRSRRREE g gKl 1ge B%BP%?WWQ&WV% do not propagate
to the heamwiangl feddebasdre lother Hisourbimyt eifedts. Plaxibls sudfendidtnt iR adcting 6 BétdechO Causi ng

e.g. ted.feed back or..other disturbjng effects. Jurther

Ui Tusts at e |°gd.e“§8€,1’“‘["f?8& ) 985, Prgnege @%@k@%@?gﬁ; °-§fm%dﬁéssfl’é&%i ver 6 in the
recei ver mireuntlieg ar@Qluichingihe vecalent 6 yd havieg a leasiodededd oe wiotalsdnBANds 82, e. g. nmde
of silico . STalel . i the.receiver and. havi ng

prot r usi o%g‘“’é‘%stg‘f xée?ngr% gﬁlg"%{%? %egltr'léezﬁbr% ng ??gb'ﬁmgf#lﬁ ‘r’fghedfceivﬁ%]?ecei ver 6
and ext ertti¢ Ivgringeiddweingcor r espondi ng corners of the receiver chanber 80

t hereby providing a safe and vibration absorbing nounting of the receiver 6

i n the hegg Biustrates a receiver chamber 80 that is adapted to receive and hold the receiver 6 in

20 such a way that mechanical vibrations generated by the receiver 6 do not propagate to the
hearing aid shell 1 or other parts of the hearing aid 10 causing e.g. unwanted feed-back or other
disturbing effects. As further illustrated in Fig, 30b, the flexible lsus;:ension of the receiver 6 in
the receiver charber 80 is provided by one or more flexible bands 82, e.g. made of siticone,
surrounding and clutching the receiver 6 and having protrusions 84 preferably positioned at the

25  comners of the receiver 6 and extending towards corresponding corners of the receiver chamber
80 thereby providing a safe and vibration absorbing mounting of the receiver 6 in the hearing

aid housing.

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

30  automatically adapted to fit a selected receiver.

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

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




ai d housing. The CADI CAM systemis adapted to include WIS of the
recei ver hol der, such as a receiver chanber, shell protrusions, etc, in
the shell nodel. Preferably, the receiver holders are 30 autonatically

adapted to fit a selected receiver. Fig. 31 (a)-(d) shows cross-sections of
vari ous@b &% ent s of the ventilation channel S. PIsVE¥H3%%at h and
cross-section of the ventilation chakhel 8 nay be selected, e.g. using a 8

June 2005 WD 02/ 078392 PCT/ EP02/ 03307 23 CAD/ CAM desi gn system The
cross-section nmay remai n constant along the path of the wventilation

channel orCATICANIBSSrSRGH. TON oM Yool iy rddnafil SRSt M8 kiR HpARbYmd N Mul tiple
steps, in order to achieve a |owpassS filter effect Of sound. A

t hr ee- di nepEHaGPRThapishes thesrossasEiop MY vapha steps aprefpreldy ingaiiple steps, ByPdhannel i s

formed ang ichieelidewlphss filidd erfd¥Dd Bbun@fA thid@aisb@ldnal cIfifes aRPMaRY s 5 of the
hearing aid, such_as a recejver m crophone, an an‘ﬁl i fier, a tel ephone

coi |, et c selpipd vensilation phapmelis fopred and iggludad intheynadgl of Be sheflThe pRmpazegisrensi onal
model s 50f of hehdaBIAT; Inick 8s Lreddver) £ilefophond, AL aB@IFEC b RRpIASRANG) sy BRY be

di spl ayed gs sitjoped within the shell del for optimum positioning of
t he comoﬁgmﬁ?@@eo‘gfagﬁﬁ%\% Wil fafep-gimgpriong fofgs of tefesraty ﬁ”P’B?Ee‘Pt?)at h and shape
of the vanideatd ampoitan nay badplapa af pusitibed widid iHeisgg niodel Gir@pdmin® per m t
optimumutilizati of the 10 avail abl.e space inside the hearing aid shell.
R erboa Reitionh o e @yttt Pl Alkich PRET e MRAES. el ' S |
enbodi menthe(vigtildiechasmst indydis fvthercinvdifingin offed ts pg@alt bpthlnyutdindiegefaieced i n t he
wal | of t hel | .1.1J f the v Il ation chan Il is
constifut gga%%b;e S}S’gcretlﬂsbdfﬂieh%%}s]%%ﬁ?{hh\lﬂla ?n.lboaﬁlﬁlﬁzat) rt'ﬂe § ‘é%chf’wgl%vhg%l\%ne occupi ed
by the venwnwal, anhinehbedingint (PBhe teatEstion ghampt &is padaliyfivegradiethe wabefponent s of

the heari ‘aﬂsﬁ‘énng{hgt edéft.uﬁhé&nﬁ%ﬁﬂ il Va&gg&%mﬁ&gﬁg@%%@vﬁw th a

circular Cross. lon create a vol u on between the
shel | wal Thisynimizes theeveluie aeciipied tytermautilationebiahoet (B pleaving nupefrbong ok othero uti | i ze.

75 SNOWN \Bmfonbhts of dhe bébking £0 H9 AL einal RENARI Al BASTAEAKLAR. M NI M zes
the volune I9. However, the cross-section shown in Fig. 31 (c)
subst aft i fctign aRsts volype 13 #tdgtransiion bitwiee the shell fwall andghegientilgtionshenneh uti i ze.

Further aRgn ivht id@BIcRPuaER, AdsHByME Bil] 3130) AQuarCRFRAGLIS cldRYMediBa Ul Y
integrated in the shell wall. 20 A hearing aid shell 1 wth a tightening

ring 86 i &uniizerdhe volums 1P Hogeypr, therosy-sictiop ghowg m Fig 31 (@) pbstahidindoss s shown
having a ghRANe a S&uex 1end iserhiaitneilbd) Purdiel 8¢ iFefhrdphiagb e Veftte@Nt our . The
groove has, a _cross-section with a shape and dinensions that match the

desired t Py frpybs ffiymisgatedigeshellivall 1 with the tightening ring 86
nmounted in the groove 88 is shown in Fig. 32 (b). As already nentioned, the
ti ght eni N hekrdbg ajdrshell 106t aaightaigridp 86 @ iRstraed b 10f. 32.0h Big a1 da)sicdigiel t i ght eni ng
of is shown having a groove 88 extending along the selected tightening contour. The groove has a
cross-section with a shape and dimensions that match the desired tightening ring 86. The shell 1
with the tightening ring 86 mounted in the groove 88 is shown in Fig. 32 (b). As already
mentioned, the tightening ring provides an appropriate, comfortable and secure tightening of

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

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

 hearing aid housing,

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




25 the shell to the auditory canal when the shell is §?ﬁﬂ%ﬁﬁ5i” t he
auditory canal. Fig. 33 illustrates a manufacturing nethod according to the
- present invention wherein the face plate 2 is separately manufactured

i ncludip ttery opening 78. Preferably, the plate 2 also conprises the
engagi n‘ag.r@%ﬁ?z The shell 1 of the h%ari ng aid housi%’lijpgz’???%”'duced on top
of the plate 2, e.g. using stereolithography, |ayer by layer, the first

| ayer 90 or cross-section of the 30 shell 1 surrounding the battery opening
78 along the previously selected junction contour of the hearing aid

housi ng. Phis#iTBser behisees sfdiwpsingmedpleand fpdearingid Shgingis prodweepdwitt84, only a
part 92 Ofp hidgaib@R6: el Andhed ioREAMBLHEe LR ORI REV LRSI Payloy S Separately
manuf actured. The circunference 94 of the part 8 June 2005 WD 02/ 078392
PCT/ EP02/ Bgesgfye tirstJaygpabpiting theqirgupalgrency 9¢ pldhenasAssboves; e viswsterseceddel , and t he
hear i ngbais%_pbl@wﬁihvﬁl@sﬁhéoﬂwi@@flﬁeﬁbaﬂg}dmho@ﬁng;jsﬂﬁﬁﬁﬁ@%\%g?iﬁﬁﬁ%ﬁnghﬁé 112 attaﬁhed
to or abugt] e separ.ately nmanufactured part ayer by ayer, the
first Payﬁfﬁ%ﬁ& E°H§a“tﬂl’Fémt?f‘?”6'ﬁfﬁ’f°BPféh%@“9ﬁ“®% g DA BOPAEIE hown, t he

ci rcunf er esgaaliPdwaristhd ppeie tulides e8ryipoBt Aliezirlf@nct ¢ hearing ai d housing
so that the outer dinension of the part 5 is slightly larger than the

i nner di si on.of t part. . Herepy, a.l]ght beam pr at i vertically

towar ds. AL s 1B be i Gt Vs 8 o SR SRR AR R e 04

Al t er nat i dliedtspated intiz. $5 ght inttgmted fategpldia? irpanisdtalrtithngopshinf9g haeingnd 96 opposi ng

the face i | ir i Fhg. 35 . The int d.faceplate 2 is
G frctccHhucalng Sy Blled 8 5P sepie OBt BB BT he

term nated w an opefi ng
ci r cun® er plate @, tpag P2 isipesitivegland fittidyn the orauioe?s forattich@cht ofthetiltepritate 10 pl ate 2,

t he part | bk I i i . faor attachnment to
- the int egir%getﬂéag? Q?%gfé‘kd&&g’fl‘éa%g?‘%?%ﬁ%&ﬁ?? r‘éﬁ?'?%% %yésgglﬁ‘t%e rtg’f%“a face plate 2
may be .t aprepagwing sertiqqly togarfly thehintegratedhiacelatyPayatinpingeve etengint gn howar ds t he

i nt egr at egrc{,ﬁféﬁn&lo@glgin&?ggyfaicg&mtpge on every point on the circunference of
the integrated face plate 2. Fig. 36 shows a cross-section of the shell

openi ng covered by the face plate 2 seen frombelow 15 the face plate 2.
" Fig. 36 i PERSchosrasoisrationef habdlnprmingcevest by i facpplae ) pear Bopbdew i oni ng neans

46 ands Mg Age HAe?. IFighesiibistraki vagous Baaint s of the fEchIatc%@sitﬁtﬁ% ki 46 ace plate
positionin means 46 have fow& ribs 47 extending. rpmtﬁe ci.rcunference of

the face PF JrEnerhel] aopifoning mepns 42 In Hig, 36 (p)ehcfpcepfple pofitimme gleaps 46 Bave o ¢ he
battery ofpariteg7 skinfinptorshovifthmfehe of e Flke PRS2 ibMiegherRARE ofBe have mating

47 of  the P b AR B g ok UGl el rbenE PR | on
cont our Sideptatidnia 49 thittarermiipet @sredelve ajdututdhid@iespiieQibs 47 opAR Fack Piate2i bs 47 are
recel Yo R el a3 MPhadod 48 Hodtloh O5HFoutSo Blonat £ SarHIES juberli SLERY €O T €Ct

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

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

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

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

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

corresponding face plate ribs 47.

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

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




assenbly of the faceplate. 2 and the shell 1 is faciliktaieshgsln Fig. 36
(b), the face plate positioning neans 46 have ribs 47 also extending al ong
~the inner surface of the face plate 2 and extending fromthe circunference
50 of the face plate at a 25 distance fromthe circupnference 50 that is
subst an?PaMPPqual to the thickness of the shell atP$HE2PHWction contour
50. The shell positioning means 48 Wave conprise the shell 1 at the
junction contour 50. The face plate 2 is cut along the junction contour 50
so that it matches the junction contour 50 when the ends of the ribs 47
abut the el repohdbrgreEs aslitsbingd dvancctivhalith idkdchea ef i clectttvée Shel | 1. The

shel | position 48 may .further conpri protrusi gns 52 at the
junction g%&%gﬁggﬂ%%ggag%%gﬁxlnaﬁﬁ%“ﬁ?ﬁwvgggﬁéﬁﬁgg%ﬁ%m?H1 $1%" of the shel
-1 for receqmpacdesagnthahedlovs mapufactorivgeds jpdinidially adapedingheadtachendidgaidd® The desi gn
descri bed_ah, . the nodul ar hearing aid according to the invention with
t he indigﬁggﬁﬁnggggpted shell 1, the face plate 2 fastened to the shell 1
and formed according to the 8 June 2005 WD 02/ 078392 PCT/ EP02/ 03307 25
shell contour, the battery Iid 73 and its hinge connection with the socket
of the electronic nodule 74 allows an extrenely expedi ent and econom ¢
manuf acturing together with a very conpact design that allows

manuf acturi ng of individually adapted in-the-ear hearing aids of reduced
di rensions. 8 June 2005 26 CLAIMS: 1. A nmethod for conputer controlled
production of a hearing aid housing with a face plate and a shell that is
mat ched to the auditory canal of a user, conprising the steps of. acquiring
data representing the shape of the auditory canal, form ng a

t hr ee- di nensi onal nodel of the hearing aid housing in a conmputer based on
the data, and producing a hearing aid housing based on the nodel, wherein
the step of formng the  three-di nensional nodel conprises including in the
nmodel a tightening protrusion extending along the tightening contour that
at least partly encircles the shell and that extends along an area of the
shel | surface selected so that very little or no pressure is exerted on
‘tissue resi.ding deeply in the auditory canal. 2. The method according to
claim1l1, wherein the step of form ng the three-di nensi onal




nodel conprises increasing the outer dinmensions of th%JﬁH?h%Salong t he
tightening contour thereby providing a tight seal agains (%e auditory
canal wall when the shell is inserted in the auditory canal. 3. The nethod
according to claim1, further conprdfsing the step of including a groove
extendi ng al ong the tightening contour in the nodel having a cross-section
- wth a shaapis-and di nensions that natch a desired tightening ring to be
nounted in the groove. 4. The method according to claim1, further
conprising the steps of including a groove extending along the contour in
the model, RRdnAPRPSihREcdliih Blokihioflbf d RhEHid Kl fh o B Gt 8l OF the
shell in the groove, the deposited materia onstituting a tightening

pr ot r usi on.an&a siph éhanie mhoikddcbonditerg cinal dinyseqicompringrlesepiaflg cl ai ms, furt her
conprising the step of selecting a position of the tightening contour
corresponding.t it ' he.audi.t or canal at which user activity
caused dyn§£-3£lé@?gﬁ%%%%gg*é%ﬁ%?ﬁg?ég@% §Imbinensions are small whereby a
secure and tight nmounting of the shell in the auditory canal independent

of user actfpwiitgya theeginpusicatino®! ditheh@fbai@ RoBing An heanpurg basediof or i nsertion
in the auduﬁqﬁétgénal, conprising a hearing aid housing wth a face plate
and a shel I™% s matched to the auditory canal of a user, which shel

has been manufactured by acquiring data representing the shape of the

audi tory cpnaleing ®hedrifgaid holsihpSased iongitshaieR wheid ahe 9dp dftfermhgahé ng ai d
housing in a conputer based on the data, selecting_ in the nodel a
tighteningqﬁﬁ%ﬁﬁ toggl edel comprises| pelugipg pn fhepgodeha Lahieping PEIVUEIARE  ext ends
al ong an areg@ndig 41&% B RdthenBlhAGE 1RELERLE HarBP efchiibs ME kel dnli bl OF NO
pressure is exerted on tissue residing deeply in the auditory canal,
produci ng &xtedsrajong amprga pothe sl sufice Belested so dpb vasx lidla @ nypratseieds t he

ti ghtening d . EN k: groove a material for formng a
flexible tfg tgﬁ#%ﬁmﬁgg?%%ggﬁ%&?ﬁgP&QQ%%%%S al ong the surface of the shel
and at | east partly encircles the shell, in order to provide a tight seal
agai nst 2.hdhe agthod eroprdental clamal, |whatenthe ltep of &lnining ghe theewdingdsioml t he audi t ory
canal . 7. The heari.ng .ai d .according.to .claim®6,. conprisi a .groove

enci r el i ng RS BT ARaresE et YipgatnsCar e sl e dRhgutk g

di mensi ons ctih@ir tieedbe brogidtlg Sitighiched] laghidse b B@itbiyi@nal a@ll ke Tibe Bields On t he
shell. 8. The hearing,kaid according to claim6 or 7, wherein the position
of the ti gRtSERiMythe BogeY @bn corresponds to a position in the auditory
canal at which user activity caused

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

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

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

‘protrusion.

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

of user activity is provided.




dynam c variations of the auditory canal are small. Jﬁﬂgﬁ 4ng aid for

i nsertion in the auditory canal, conprising a hearing ai ousing with a
face plate and a shell that is mat ched to the audi tory canal of a user,

whi ch shell has been nmanufactured Yy acquiri ng data representing the shape
of the auditory canal, formng a three-dinensional nodel of the hearing

ai d housignga héhrife ﬁ@f@ﬂfs&ﬁonﬁﬁl&%%@t@w B, @&Eﬁnszng%%&aﬁﬁ%hﬁ!%ﬂsiﬂgEvﬁ'lﬁa nodel a
- tightening contour at least partly encircling the s , and that extends

al ong an arfees pific anf e stefi il is satchaldeths elditonyeanabef atvsar whidrshell liag béce or no
pressure 1s, %fﬁ@tﬁk@g c@u&h%ﬁ&!?re 1%§en qge g&gﬁédha Naft AP adbtRhy s canal ~and

pr oduci ng a earlng usin teni ng protrUS|on extendlng
al ong the tthxgé}ﬁmensmgmlmmfdeboﬁthe hemnmtlmd lhou.qmgoh rausmptnertldas}:damttm dath, mensi ons of

t he shel | I ncrease rder to provide nst the
auditory cast‘?];f oGt fre gﬂ weRifjg PPRIQUE 2§ Isekp d‘ﬂ’i‘:ﬁ‘H h%“ ”f“g%a canal . 10.
The heari ngexhdh AHgQh dicAf the sBdllaufdd selddi&l R thet W8S HAR S b QResdfe i he
tightening protrusion corresponds tQ a position in the auditory canal at
whi ch user Fetsdpnijsue eesiding d%f»yﬁfa?ﬁhé audjtgpy; cgpglgedugips ¢ braringid hesPecanal are

smal | . with a groove extending along the tightening contour, and depositing in the groove a
materia} for forming a flexible tightening protrusion that extends along the surface of the
shell and at least partly encircles the shell, in order to provide a tight seal against the

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

7. The hearing aid according to claim 6, comprising a groove encircling the shell and
having a cross-section with a shape and dimensions that match a desired tightening ring

to be mounted on the shell.

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

dynamic variations of the auditory canal are small.

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

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

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

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

variations of the auditory canal are small.,






