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COMPONENT FOR A HEARING AID AND A METHOD OF MAKING A
COMPONENT FOR A BEARING AID HELD OF THE INVENTION The
“present invention relates to components for hearing aids. The invention
ket BPatates to a method for manufacturing a component%SF@ﬁé{gﬂﬂao()(}z
aid. BACKGROUND OF THE INVENTION Hearing aids generally include
a range of components such as housing, internal electronic circuitry, lid,
switches and buttons. ITE hearings aids generally comprise a shell, which
camatemigally duplicates AheniQreleyanimartalthecisess garcanal sA
receiver is placed in the shell in communication with an acoustic outlet
%%&E%Pé?% prﬁé?i.e. the end of the shell adapted for
being situated in the ear canal close to the tympanic membrane. The
Hastar endishiha' SRl 1ielNthe opposite end, intended to be oriented
towards the surroundings, is closed by a faceplate subassembly,

oRNNessdiodhe reeaivendydeadscigperdasignidStinefacepiada further

subassembly incorporates a microphone, electronics, a battery
TR eTBF B R R AEFCIIONE CORtiTRStes with the
exterior through a port, which may covered by a grid. Whereas an nE
Heaktgraid vawbe regardediasian! earpiece integrating all parts of a
hearing aid, a BTE hearing aid comprises a housing adapted for resting
einthel gineac2Aof ikeudserang:an eanpiece adrptedhtarsingentieminto
e]ig{(?.ﬁg?}arccanr)aIi t%f tE user nda%ﬁ%?t% lo convey the desired acoustic
outpu hio the arcanal: Thé earpiece’is connected to the B IE housing
by a sound conduit or, in case it houses the receiver, by electric leads. In
Ié inge Qt%ﬁ%ﬁ%m%??%?%hmﬁﬁgaﬂ%@%@ﬁé SuRset B URng

r@]@mﬁlz%ﬁsﬁom&%ﬁg e@idcbﬁlﬁxw&}éﬂeﬁggh@emg@ @ﬁtqmwﬁg@&aﬁ?n
wear, moisture, sweat, ear wakx, ungl, pacteria, | Irt an ater. me O
Wﬁ%s@ AR hRYR ﬂﬁé&ﬁf&ﬁﬁ&ﬁﬁr&éﬁeé Birer msﬁﬁaiﬁw shell

 adepeldfonbeihgfsanaunidesiredabiofilm dvefrantethenwise itegilansirfacgstal

SO C T D300 D000 G o le o it s

- lenlisehimentatfaltors bysoveb inenreded antimsiehily: dypealardsens desig,

MWQ:ATN0/03361 Aravides aninsthessat hraringigid wherein the acoustic -

outlet port protected against contamination by earwax by means of an
COEMPEGNRRAC WhRIBRCS BinSBREYSIPPHILS AR TBIEEHE F S BIHOHRECIS T8 port
tHRAFR EQIvE! WihehearWax BrArEcomprises an essentially tubular element
with a through-going cavity and an abutment collar in one end for sealing

tment against f.the hearing ajc ing. adiace patt, ..
vy br St L i b S e o
hsriaheigking T0diceinasas ohpaps, slieyand ajserdres itz ay foftheinna
deatienydidmthg-hatten.coamparinant e Housing-ar.a SWHCH 4o 188 and

purpose of ensuringﬁgﬁntr of oxygen, which is needed for proper operation
SEF 7R &R BatErEY Wi St BRErPerfEaTIaL ThE SUatRTG
eamprtises mydrphebicier bleophoicspatarialsappliedifiiatghe receiver, by
immersion or spraying. DE-AI-102004062279 shows an earwax guard for
SRR G S, TN e Dt bAOUGA 8 o SIS SR e G DUt
biofilm-inhibiting coating.
During normal use, a hearing aid is exposed to environmental factors such as wear,
moisture, sweat, ear wax, fungi, bacteria, dirt and water. Some of those factors may
have a corroding influence; others may cause development of an undesired biofilm or

of an otherwise irregular surface patina. Corrosion may be controlled by the selection



10

20

EP-A2-1458217 shows an acoustic filter of a hearing instrument,
detachably placed nearby or at the opening for the acoustic output of the
instrument. The filtering element is made of a polymer material, a
W%ﬁ‘%??é??@??ﬁetallic or ceramic material or a fabric-like 20mat&FHa[P2007/000062
EP-A2-1432285 provides a method for hydrophobic coating of a hearing
aid for the purpose of preventing entry of moisture into crevices and
openings of the housing. US-3354022 provides a water-repellant surface
of laMipg highsald Buwpostidnsewithoamaver fgeodistancey belwesrehighn
ortions of not more than 1000 microns and an average 25 height of high
ung@iﬁ%ﬁ?@? 4f&dst 0.5 times the average distance between them; and
having an air content of at least 60 %. The air content of the surface is _ .
WeletetrRiHatrhy PARIAG BRI 5HHE %gﬁéﬁfﬁ&ﬁﬁ 4GPIEEE BRSSiRG™ ™
priouah dhedopsefihedighpedions of thesusaascandmeasdringial this

~ plane the percentage of the total surface 3 area that is-.air. T faces
8 BB SO VARG s oo et Gl oF b
coddegreesssEnaskysutfdeesiaredightly whtergbpsiliantWo-nt-g0ss4 15!
ofodes a device (o1 e ssilles franshan o e tyingof ol
|qU|3s, which device ifas raised areas and cavities on the side facing the
adjiepsict, teepdistance between the raised areas being between 0.1 and 200
microns and the height of said raised areas between 0.1 and 100 microns,
p@ang thesraisediareas Heingiiydrophatichis AR Y- QR THESNUENTION:
fScoring o one pshedt, lneres pravidsd.amelhod elmaoulaglying a
aid i T 38F 5 e afiNg aid. comprising providing a slab, processing the
csupfanecnf the Slabswithra seritd privideraasierostpucs SHS1MERE! Shich
Wé%gafsc %%%@}P{J_)? ?o%%%ﬁa?ﬂ%ﬁ@#ﬁh%@%Qtﬁ@éé%ﬁire%%%hﬁg ahdeasty of

Y0, and treating the microstructured surface with a maoisture repellent

liqnittel TFHeAiBEloemirsishy BHEmRCESINR SR Corp SRR SRl

idhearing aidsmanyfactured according to the method of the first aspect. This

provides a component for a hearing aid that has enhanced repellency to

- oESIB A bedly duide, Componentz on Wil s sudfes nauld e

ntageous comprise housings, casings, s aceplates, grids,
phoaks] tids, batienpliraiwerS) tiltons: andngmapiiiators etc. Suitable
substances for the coatings are silanes such as perfluoroalkylsilanes or
pelkylsilanes Thesilanesake chasmisallhattacheditorthe: sinfadeldy placed
reaction between hydroxy groups on the silane.and on the.surf o
ROTIAG & CEIF BEEMHIBH TSRO G EARY A dBSTIRg o o Crebademe™
ithe.eostponenteomprises assiabewitmanaBiteriorsurfacemigtiiag g -like
mticroPtructured. The inventors have discovered that microstructuring of
& Slirface enhances the water repellant properties. The term exterior
surface is here used to designate a surface intended O(1;%)r gnergllydf?&jrt][ge
Effre arivirgRAereaideib M e ReRFHG R S SPPSsEd 102 Sinface
plHended io-{agaiananparts.ehithe headngaid Mdrtheniadvantagbousng.
features appear from the dependent components claims. The disclosure,
(8 anothes %@90 1 W&tc@fﬁﬁgﬁﬁ&@ﬁg@:@gﬁ%é%gﬁ%@ eRigbFickBisith an
provides a: ethod for manufacturing of components with superior ]
apropsrisswitbrsspeThis RYENEAGY Ho\TRRET BAB HOWIR itRgs and an average
RGOMROREALS Q% WRiIShANiseeghds el adianiagadocitdedolisingsad
casings, shells, faceplates, grids, hooks, lids, bl%’%‘t ry dr.?wers,dte)tuetrt%?%g%d
AR AIBFOTERE! Fithiprth& e ekt HbRTBEY §&“’e§sme>z<’ﬁﬁ}i ing a contact
(ARsleatoiwaterexeardipgdR00are termedsupeptiydugbhiobiopSuitdisiesh
surfaces.may be produced by selectin ropria rigl ‘
PEBURA G B LS SOt o Wy o ey e surace
features and advantages of the present disclosure will become apparent
to those skilled in the art from the following description wherein the
invention will be explained in greater detail. BRIEF DESCRIPTION OF
THE DRAWINGS By way of example, there is shown and described a
preferred embodiment of this invention. As will be realized, the invention is
capable of other different embodiments, and its several details are

capable of modification in various, obvious aspects all without departing
from the invventinn Acceordinalyy the drawinae and decerintinone will be



DETAILED DESCRIPTION Reference is first made to fig. 1, which

illustrates an ITE hearing aid 1, generally comprising a shell 2, a faceplate

3, alid 5, a sound inlet port 6 and a sound output port 7. The hearing aid 1

is adapted to be positioned in the auditory canal of a user with the sound

output port 7 facing the user's tympapnic membrane. Fig. | also shows a

push button 4 arranged in the lid. The push button serves to allow the user
aredahfpidtado MheandScesgn sieppingtédraugh: diffed et programsricoanier gle of

grea?tgll%ﬁgﬁd)ﬁ) B@gl'éi;%: gk%gﬁﬁﬂéigg%%ﬁﬂ%@@ggg?gg{d'ng to a first

embodiment, this embodiment being €ssentia yled with hook and
WOCcasing isanesintageakpieck. Thistembedimenidk) sy baghattesy Wrawshilic
i IR RUEy drawier prafrsion 16, and batiem drawper fose 1. The oy,
2" &mbodiment features a foc gripping portion 1 : which 182 manlpufbtof
distgnge Pristee Gsgaged HyanhBaipeoraran ok b endidionienmmitadgehmbaisbt of
saiddrawaratensearava of thadaitenickok furhafdeiails 28R Bihess defilbic.
reference may be had to WO-A1-2004073351. 15Reference is now made
SUMMEAG S hdlEg. [ foriahlekplanation of a BYE hearing aid according to a
second embodiment according to the invention. Fig. 3 illustrates a BTE
ACREIRAG A BT A 15 1ERVbh EMBOalmatt fir e aspmparent for a
heahegrng @ichB corp prised BT & shdu pingBsigernkeallyfoonsistinglof easing 46; to
prO\nQQIﬁ M%Rﬁé%é%&#?@d%%ﬁ&@,%i%%&f&& &hﬁpp@@g 'ﬂ&%%&@&%@ﬁ?%ﬁd has an

. details sych as 70microphone grid 20, rocker button 14, battery drawer
air GeNENHAh AN SHE St B0 PR AN b SHEW SHHEVEThOLHaES itk foRaisture
repdlatomistersed for permitting the user to turn up or down the volume. The
battery drawer may be partially opened by engaging the protrusion 16 for
ThefirdAMER off teP HISR AR S AN HIGSERPIBURAC DA BarHigatiAgnaiep factured
accagain.1d e batiesy df avedirmnaypatso be fully opened for removing the
_battery by 25engagin% the nose 17. For a further explanation about these
Thigjataysive ferente taaly i preaHiar taa /o ha-booatrassh repgilencsHewtkiare and
bodBY HikRaringaigoatfig od vERAr wewsReierenseliay hehathiedhe comprise
explanation given,in relation to Fig, 3., WO 20081080397PCT/
ho B0 LA At o s R ChpGries SFTNG el nd
mardRSAREY éCtre EHRY achiaVenepthafitediBairfaealipaspettios SHATpoTEhts as
perfivheselkhisitande used dmady arfaga cempdse BauUSINg S eashigs, shellsface
by {é‘é"?l%'ﬁ‘tﬁém%régshr{c%%%%ﬁ{ g5 E’%}%?{P(ed£ﬁé¥a%r%h§“§£°&% AN manipulators:
A the present context thé exBressmn enhanced surface properties
assepRisri et Hhlbily substances signifies an improved ability of the
B T e e L G
thatdiaameeativecrstastirecdf e Werigrohavssliscbyeseildbid isiehscoriabtg of the
surfla_wlaemﬂﬁ@éi& @Mi%%ﬂﬂ@gﬁtf&@ﬂb&@?h@ éﬁﬁ%}@ﬁd@g% li%tfﬁt@g%jll‘@)’e% sed to
liquid at t irec- t se boundary where the liguid, gas and soli .
o B T i e e T e AR B P g e
aid, ayvategsgfople seriaaniviadbd terfatedstriacs ahdarhefigrg, sithere en,
F enoées the contact Q%éqle of a yvate&drfpﬁlet on a modifiedis(gjrface.
A LRI ATy e tBR OO TR dfEa AT TR SR dB S ut over

ThetBEéQMéqﬁfaﬁGﬂ’fér"%mst}a‘%ﬁ%ﬁtfg‘?o'{%’ég ASmaddowetilg solidsf she

contact angle is greater 15than 90 the liquid instead tends to form droplets

Thioprthedselid:suiade@nd dsusadeliin gxdfibitrapaasnwettingsbatraigfolfethis with
termi /] 0 the t.angle, th ility

R R U G R
untreated surfaces the contact angle is noinially less than 90. It is well
known in the art to coat a solid with a 20hydrophobic layer in order to
increase the contact angle and thereby obtain a moisture repellent
surface. Such a surface coating may typically increase the contact angle
of water to around 115-120. The inventors have discovered that a
structural modification of the surface of certain materials will improve the
ability of the material to repel aqueous and oily substances.



25The inventors have further discovered that the combination of structural
modification and coating significantly improves bather properties of the
surface. Fig. 6 shows a water droplet on a surface, which has been
modified according to the invention. The creased contact angle largely
exceeds 90. In fact, as documented dbelow, when the surface is modified
o inati structuri oati o C le
R e e M A N S S
drappise HRIIT HBOB ARG U e characteristics may be termed
super-hydrophobic In addition to the super-hydrophobic surface

Withiin e (BrSARs CHE R SUEE TR B Eo b EHRES SHHE?-BlcupkbBIC stagd 20°

are Charaeterisieshagrwill@lso bacame cleakdathefollowingoauthe by selecting
component s.u[face modijfication win noﬁi\?/ébe described in more detail

TP PE R ARG A T8 SO St BUTRG UGS 7RIS MR pecoP Eikser

s PQETRS shdags ofa,slablor.A gemponent aceording fg the Invention as
seen through a microscopg. This slab may represent a part of a
thogonpidasert dfica dredring did, el e padestarhiousinggraicabingyashell, aill be
expﬁ%%@lﬂqt%r@a@pgeﬁiho‘)k’ alid, a battery drqwer, a button, ora
tomanipulator, etc. The surface structuring is preferably realized on lateral

BRAcales thalpre gelrlaigerthanahatacteristic sizes for atoms and
molecules as well as for grains or other subnanometer structures, but not

By largenthagat Q08 mierons. shbisdsarfeseeliecas.agriciostrueiuiidadiher this
. structurin /or coating can be applied to the eptire component surface
Rt o M P o B ALl St g B ToBeP s
andaf¢hevstrifdeails the inpatediatenvitifidytioh tirevaeires,isipasticukaiyts all without
dendQyantageous, The a Iig L structure can be,periodic, gyasi-periadic or .
GRS
regaidfithed iHyshatirangeafreeiprocakwave clinbarth2dofwiveztateral scales of
. the structure, the wave number being defined as the reciprocal value of
Figtde 1ahoras walBlehrpmingfaidperiodic structure. The structure is applied to at
least ?] part of the component surface. The average pitch in the surface
structiPE AT BELHEC TS B% 1Bl STHE MEPBEr ralfiP R Bisitutly
~._apout 1:1 or r. Good.results have been obtained with samples over a
Figb‘?oa hﬁi\f”’c%aréaarlirggﬁ%rgilﬁcﬁﬁjgaﬁ?é DEAODEIHIE oﬁe?’ﬁ%%ei%ons and 5
-Fag.rﬁ'crgﬂ&wm%%*ﬁ@ﬁ@a?éig%‘iﬂrmgay iRGBF %&ed by a number of

methods, for example by laser prdcessing of the surface with thermal or

Fig Bon-{herpalinigsacionsoplendimiting.exampies-ofdases dhateambe.
used for surface structuring are CO2 lasers, solid state WO

Fig 2008/08039 RGIMQK20/R06PA2:8 tasersh siehras Mk ¥oadpisasecond
lasers and femtosecond lasers. Processes used in the fabrication of

Figniicrohevsc: glectronicstor shicidinanarglectromechdnical sysiebusasewell the
as ot-la% rxlsfgggina% or electrochemical processes can also be applied. For a
number of components of the hearing aid, e.g. housings, casings, shells,

Fig HACERIAIES, QiflSnNAKSlIds: RALREY MWL RHNORS At MARRUIAIRLS: of
it is generally preferred to manufacture them by injection molding. hi this
caset%?rlf’é’l‘imhﬁlof the component surface may be achieved through
suitable structuring of an inner surface of the the used, e.g. by laser
drilling, etching, or spark treatment. In case of components manufactured
by an SLA technique, sometimes referred to as a rapid prototyping
10method, it is generally preferred to provide rnicrostructuring of the
component surface subsequent to the molding, e.g. by laser processing,
etching or electrochemical processing. The coating of the surface
structured component will now be described. The coating may be applied
using a gas phase nano-coating process. The process is based on

Fig
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15 applying a hydrophobic coating to a surface using silanes such as
perfluoroalkylsi ants or allcylsilanes. The silanes are chemically attached,
to the surface by reaction between hydroxy groups on the silane and on
WiHeWhitaEd forming a self-assembled monolayet. Firstly, the TiAP&AY 10002
be coated is rendered active by treatrient with a plasma, e.g. an oxygen
plasma. The plasma treatment both acts as a cleaning of the surface and
as a 20way of malcing surface reactive by the introduction of hydroxy
%ﬁdﬁ@&ﬁ@@&?@mreferably, an adhesion layer that further
enhances the reactivity of the surface by creating even more hydroxy
Rrtupsmayithenie depositechand]imote-peefened: aeatalyst is-addad to
romote deposition of th esjon layer. This step js.necessary for
o e e i o e B B v
crédiensbipaRbtantitnpscdricie tasittiep] & tianedisahenreactedwithvithehe
ellvajed.aylaoe i aLnitiot adhesion e RIeIRIAbl A KRS,

added to promote degosmon of the silane.
1,

basfoaterbe i 1e Joosnbedo BoiksdRenk rillcauretsidnidyer are
Jeraterably-depesitec usingsa ¥apaEPhase-reacionschemes.Breferably,

the equ@pment i; d.esigned‘so as to havg a.reaction chamber and ;.eparate
FreryRlin.coptaining. ey sRl e Rt en 3 alRe: Rf0esiR el
pf’ecursor and a catalyst) and a remote plasma source. ]‘—'rofn eac
heigervsin WBN-ssdedinet anvbume ebing ditferentcelemistricEhirembodiment
AepQralad-ine.a.vaporizationchamber Fomwbee hevaRR-SIRIes!60s.

into_the reaction chamber once a specified pressure in the vaporization

IchdhbBieis rea bRl erhE tufiet il H BRSSP BiEh o S8R BMRpuiator

. tMapadzaiion chambetandohetwean dhe ymppriz aienichamberapdihe: for

reaction chamber are cantrolled b Ives. The reservojrs and the transfer
ol e A b P A G

Mo evdid@prdénsation in the transfer lines. Also, the reaction chamber

may be heated. The system is initially pumped so as to keep a low .
essie;inhedsactiomehamber; fransfer lines ARH MAROIIBBIOR: aring aid
chamber. Thereafter, the pumping action is halted and the compouncfs in
AETHEE NG SR ATERREERERL BaFoEAES Rt HHR FapeTization 15chamber.

Once the pre-set pressure in the vaporization chamber is reached the
Ri_ap$ iSusjatted MG tlrfeniea@éi@ﬁ etramiber hytiactionrof the piessuren side
Jiiferenca betwesn the vaporizatien,chamherand fhe 58%&9895%%%%&5% 10,

Once a reaction step is completed the reaction chamiber, tran
oAl VapsH2aiisi cRambet dresulhpEer dewinafist Whick iaualstrdactenas
Belpan star@oathengasPhaseHeResitinn sshemes, mav beusesi it s,
the setup described aboye has the advantage that plasma activation,
BSOSO S ZRESion ey S APEFHRBHGP G ST e EARE DO
dthéosanie eqlipmahiciban:gutamateshiaishiom: {0 vigingd o, regakias user
intervention.between the individual steps. Furthermore, t recise control
R e T e R S B R o
agpEmbEr idr2 Sthey comerp kbt fid totak prégsurenie the tdadtioargamber
A8 AfvaNageus in,prderin.oiain.a. 9900 qHality.oishe coating Dofh with
respect to structure and surface binding. Alternatively, after plasma
hadtivatichane?fr€éddhay be perfaiiied in liquid solution  with the same
deposition steps as previously described. The gas phase deposition is,
Hwwever e @ EeliEed teehhiqueg a5 ithe diguehp Rase deposiion ismorge

ome 30an s several rinse steps. WO

e%%%@%%&fﬁffgiﬂg%%ﬁéﬁooz 10 Also, polymerization of the silane
in the liquid phase produces by-products that may only be deposited onto
the surface via physical adsorption and not chemical binding, resulting in
both low-quality coatings and in irreproducible coating thicknesses.
Reference is made to fig. 8 for an illustration of a barrier 15 having an
exterior surface 516, which is structured and coated according to an
embodiment of the invention. The
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surface is characterized by a square-wave like profile having alternating

peaks 28 and troughs 29 which can be described in terms of peak height

32, peak width 30 and trough width 31. A pan of the surface is further
Wﬁ%g@ﬁ@g}ﬁ?h a coating 33. The barrier perfoiluance has beetf-te8etf¥apeoovz

different materials with different surfade 10structures. A hexagonal pattern

of columns on polytetrafluoroethylene (Teflon(r)) was produced with a

femtosecond laser. The column width at the bottom was approximately 40

FEPSTREA dNhis SAEh G CamRRneaEs Rfide AsmmecH Solmidhageted o achieve

citigrostyaiie generatedyihe.shialinnpiacess, whichisnanstheymal.
This en?}uﬁres that surface tension does not smooth the surface locally.
i

PUBIEAT i YL S BB BelOR 8005 “HHE HFTEFRIONTs L&k TaHeE AFeFatio of
biiecamouintefimatenialiethealativaitecthexamouniefsimaterahtbatistace

rom the surface layer. The average.laser power was 100 rn\,
B S e T PRl
SHHECthE penskswl ivlsts 2500snAnlincieasslity contaci@ngldeamragoat

rkbridegiensdo.aheul-Aa0,degrees was ahseiyed after the processing,

which included the coating. 20Equivalent experiments were perfouned
ith polyethylene (Starnylex(r), available from DE)Tlastomers v.o.f.,
R R R At p O BcO AT Shel
veveh imdeBrdragnatic tchaliig esithe amtactibngle fwasabse avigghiExpeEments
oRA.Saiess Slagkhaxe Alse teen pelpimed il squvalgnl fealis the
average laser power was in this case 275 mW. Experiments on stee With

YapgSmdsaoietuhssorine anatp inf compisciioniovits thecfora ationasidrortssofind
mambametarefBiminnshaye.produced similar &ﬁﬁﬂ@%‘&%%ﬁ‘i@é@%ace.

obtained for water and olive oil on different surfaces are displayed in the
tables 1 and 2. Olive oil can be regarded as a representative of
R S0 B3 P B oot e s
sef ks avie arcidrg bmie Dieyepedh (plasibetretitmEnbfanbminutes isTheater -
: u . mt ong. witha .. ... =
e D e e Sl LT G il o
e¥hipifceaaReratEaaksamiPmolecular vapor deposition. 5Table 1. Contact

angles for water Substrate Clean surface () Laser structured surface r)
IiOhatechsintdeey () frikevsiructhyes canthcoatedswiacenc Steel 8k BBy 5 a

Sl}l’l’gceStc}?e%e?a(%ggescé\ge_séb]é%nge]f %\Sssmdicated infig. 5, for untreated surfaces the
contact angle is nommally less than 90°. It is well known in the art to coat a solid with a
hydrophobic layer in order to increase the contact angle and thereby obtain a moisture
repellent surface. Such a surface coating may typically increase the contact angle of

water 1o around 115-120°.

‘The inventors have discovered that a structaral modification of the surface of certain
materials will improve the ability of the material to repel aquecus and oily substances.
The inventors have further discovered that the combination of structural modification
and coating significantly improves bartier properties of the surface. Fig. 6 shows a
water droplet on a surface, which has been modified according to the invention. The
creased contact angle largely exceeds 90°. In fact, as documented below, when the

surface is modified by a combination of a structuring and a coating, the contact angle of
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1505 Polyamide 70 5F<15 115 5 1605 PET 80 5125 5 1155 1505 PE
(Stamylex) 90 5125 5115 5 1605 PEP (Teflon8- like) 120 5 155 -5

W115 5 1860 75 Table 2. Contact angles for olive oil Cleaned Substrate
AR aser structured surface() Coated surface () LasePSHOEEFo0002
and coated surface () See 80-L-57

water exceeds 145° for & variety of materials. The obtained surface characteristics may
be termed super-hydrophobic. In addition to the super-hydrophobic surface
characteristics, the modified materials obtained super-oleophobic surface

characteristics, as will also become clear in the following.

The component surface modification will now be described in more detail beginning
with the surface structuring. Fig. 7 shows an exampie of a laser structured surface of 2
slab for a component according to the invention as seen through a microscope. This
slab may represent a part of a component of a hearing aid, e.g. a part of a housing, a
casing, a shell, a faceplate, a grid, a hook, a Iid, a battery drawer, a button, or a

manipulator, etc,

The surface structuring is preferably realized on lateral scales that are much larger than
characteristic sizes for atoms and molecules as well as for grains or other sub-
nanometer structures, but not larger than 1000 microns. This is referred to as a

microstructure.

The structuring and/or coating can be applied to the entire component surface or it can
be applied to a part of it. A controlled structuring of at least a part of the surface in-the

immediate vicinity of the pores is particularly advantageous.

The applied structure can be periodic, quasi-periodic or random within & certain spatial
bandwidth. The spatial bandwidth is defined as the range of reciprocal wave numbers
of the lateral scales of the structure, the wave npumber being defined as the reciprocal
vaiue of the lateral wavelength of a periodic structure. The structure is applied to at
least a part of the component surface. The average pitch in the surface structure should
be 1000 microns or lower. The aspect ratic is typically about 1:1 or larger. Good results
have been obtained with samples over a broad pitch range, including pitch at 40

microns, 10 microns and 5 microns.

The surface structuring may be performed by a number of methods, for example by
laser processing of the surface with thermal or non-thermal interactions. Non-limiting

examples of lasers that can be used for surface structuring are CO; lasers, solid state



10

15

20

05 5 PE (Stamylex) 80 505 The large relative increase in the contact
angles for both water and olive oil indicates 10that the modified surfaces
of the different materials have become super-hydrophobic as well as
W&%@?—’S?@%gﬁhobic. Materials favored for components such ad g%}ég?ﬂa?(gonz
housing, a casing, a shell, a faceplate® a grid, a hook, a lid, a battery
drawer, a button, or a manipulator, comprise ABS = Acrylonitrile
Butadiene Styrene 15ABS-PC = Blend of Acrylonitrile Butadiene Styrene
lagaies PR DEh A E RPpsPos DatimodEhlopioe MBES LNrstigs used in
rMethactylate, Acivenitrle Butadiene,Stuene A -aR2alyamide RE Tysems as
Theimoplastic polyester WO 2008/080397PCT/9K20071000002 12 PC =
WslIgR AHBRRARE PINVIAS OGRSt NEHRS Tt e RS ppRtiod.
Polyoxymethylerie, also known as Acetal plastic A test program was

£3eNquGted.on samples of these materials .Slaps wete inigglionpmolded in

polished and in spark-treated dies. The molded slabs subséequently had
fepeitasensaEEs. hrelo- difacraiesy sy se: HresRfcicanadotders fois generally
PO ISON: 804 ek slabs ipiegtian melded: i Rolishestanc.srarkstreated

dies was included. The spark treatment was done according to a .
COPBOTHOR SR AMAIAE SR G ARIRE b ARG SORTBEE Ehaitigss rface of
ticegianglagies. SA k24 drMeyriadifie nevesr Switzestandn Specimensponents
olded 10n snarkieated dies thus have, some ictostiusiuing Inthe
“surface. I§ub§/equen s?ruéltlﬂrln’g %y?aser trre'a?men? o tahepsu ace§ P
rintrodutes gawede pstiivrtdringsuids waettzesinfaccoiith coraipresnmmtace

SBhQLAR0VE B0 Honrelerabhy,at.ar aboueHk % The.comparisoRsamples

were not micro-structtired ard were not coated. Droplets of water and
PefiveBildvere deposited, and the contact angles were measured. L5Table
3 shows results of measurements of contact angles.with drops of water.
Thable:drehdwiscrastiits: efrtesis:iheaspoements] ofocohtatisangtes Mt chiops

Qfolive OiEewhiéga@a sbeﬁgs%sgam&%ggf%i %—@é&éﬁﬁ&g&g@@ﬁs%@%%
ea?[rwa e Sllla §W relf en su%Jecte an accelerate agelng process,
appisiecthayduerbosicretiio s 24 houfscinowaeniigate swalketpritharagkladencs

o‘fi‘%%s@ﬁkﬁjcs-rﬂﬁa ag&ing alx%%h%m}élﬁﬁ?%ﬁached to the surface by reaction between .

hydroxy groups on the silane and on the surface, forming a self-assembled monolayer.

Firstly, the material to be coated is rendered active by {reatment with a plasma, e.g. an
oxygen plasma. The plasma treatment both acts ag a cleaning of the surface and as a

way of making surface reactive by the introduction of hydroxy groups into the surface.

Preferably, an adhesion layer that further enhances the reactivity of the surface by
creating even more hydroxy groups may then be deposited and, more preferred, a

catalyst is added to promote deposition of the adhesion layer. This step is necessary for

- non-metallic substrates and also for glasses and some metals in order to create stable

coatings.

In the last step, a silane is then reacted with the activated surface with or without

adhesion layer. Preferably, a catalyst is added to promote deposition of the silane.
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20the degrading influence of sweat. The measurements after ageing (only
micro- structured slabs) are given in tables 5 and 6, table 5 showing

Wmezg;surenlents with water, and table 6 showing measurements with olive
S R/E55808/080397 13 Table 3. Contact angles for water Shb&FHE /000002

Plain surface Laser structured and coated surface polished sparked
polishedi sparked ABS 116j113 158 157 ABS-PC 39117 157 155

CAP-CP113119154 153 MABS122 113158 158 PAF116 119 154 158
Both silane and adhesion layer are preferably deposited using a vapor phase reaction

scheme. Preferably, the equipment is designed so as 10 have a reaction chamber and
separate reservoirs contaimng the different chemistries used (silane, adhesion layer
precursor and a catalyst) and a remote plasma source. From each reservoir, well-
defined amounts of the different chemistries are evaporated into a vaporization
chamber, from where the vapor is injected into the reaction chamber once a specified
pressure in the vaporization chamber is reached. The connections between each
reservoir and the vaporization chamber and between the vaporization chamber and the
reaction chamber are controlled by valves. The reservoirs and the transfer lines may be
heated if necessary in order to promote vaporization and to avoid condensation in the

transfer ines. Also, the reaction chamber may be heated.

The svstem is initially pumped so as to keep a low pressure in the reaction chamber,
transfer lines and vaporization chamber. Thereafter, the pumping action is halted and

the compounds in the reservoirs are allowed to evaporate into the vaporization

' chamber. Once the pre-set pressure in the vaporization chamber is reached the vapor is

injected into the reaction chamber by action of the pressure difference between the
vaporization chamber and the reaction chamber. Once a reaction step is completed the
reaction chamber, transfer lines and vaporization chamber are pumped down after

which a new reaction cycle can start.

Other gas phase deposition schemes may be used, but the setup described above has the
advantage that plasma activation, deposition of adhesion layer and deposition of the
silane are carried out in the same equipment in an automated fashion, providing no
need for user intervention between the individual steps. Furthermore, the precise
control over the injected amounts of chemical substances into the reaction chamber and
the control over the total pressure in the reaction chamber are advantageous 1 order to

obtain a good guality of the coating both with respect to structure and surface binding.

Alternatively, after plasma activation the process may be performed in liquid solution
with the same deposition steps as previously described. The gas phase deposition is,
however, the preferred technique, as the liquid phase deposition 18 more cumbersome

and demands several rinse steps.
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PETF117 121 155 158 PC 4034F154 154 PMMA 32381153 154

POMF113F119;153 155 Table 4. Contact angles for olive oil Substrate

Plain surface Laser structured and coated surface polished sparked
WBotiEhed"eparked ABS 85 79 141F 140 ABS-PC PCTIDR2007/000002

Also, polymerizaiion of the silane in the liguid phase produces by-products that may
only be deposited onto the surface via physical adsorption and not chemical binding,

resulting in both low-quality coatings and in ireproducible coating thicknesses.

Reference is made to fig. 8 for an illustration of a barrier 15 having an exterior surface
16, which is structured and coated according to an embodiment of the invention. The
surface is characterized by a square-wave like profile having alternating peaks 28 and
troughs 29 which can be described in terms of peak beight 32, peak width 30 and

trough width 31. A part of the surface is further provided with a coating 33.

The barrier performance has been tested for different materials with different surface
structures. A hexagonal pattern of columns on polytetrafluorocthylene (Teflon®) was
produced with a femtosecond laser. The column width at the bottom was approximately
40 microns and the spacing about 40 microns. Bach column had a microstructume
generated by the ablation process, which is non-thermal. This ensures that surface
tension does not siwooth the surface locally. Typical fill factors are below 50%. The fill
factor 1s defined as the ratio of the arnount of material left relative to the amount of |
material that is removed from the surface layer. The average laser power was 100 mW,
the pulse repetition rate was 6 kHz, the optical wavelength was 775 nim, and the pulse
width was 150 fs. An increase in contact angle from about 115 degrees to about 150

degrees was observed after the processing, which included the coating.

Equivalent experiments were performed with polyethylene (Stamylex®, available from
DEXPlastomers v.o.f., Heerlen, The Netherlands). The average laser power was 50
mW. An even more dramatic change in contact angle was observed. Experiments on
stainiess steel have also been performed with eguivalent results. The average laser
power was in this case 275 mW. Experiments on steel with random siructures
generated in conjunction with the formation of pores of a diameter of 80 microns have

produced similar resulis.

Contact angles obtained for water and olive oil on different surfaces are displayed in

the below tables 1 and 2. Olive oil can be regarded as a representative of liquid earwax.
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74 F82 139 140 CAP-CP 75 81 135 139 MASS 81 F82 143 141 PAi 84
183 139 134 PBT 85184 138 137 | PC 84 70 127 137 PMMA 64

WO 2008/080397 PCT/DEZ007/600002
i1

The clean surfaces have undergone oxygen plasme treatment for 5 minutes. The
structured surfaces were created by a ferntosecond laser with a wavelength of 775 nm

and obtained peak heights of 25 microns. The surfaces were coated by molecular vapor

deposition.
Table 1. Contact angles for water
‘ ' : Clean Laser Coated Laser structured and coated
Substrate tace (%) structured wrface (%) | surface (%) | _
Sura surface () s . . .

Steel 85+ 5 3543 11525 155+ 5

Glass A0+ 5 ‘ 10x3 115%5 150+ 5
Polyamide To x5 <15 1155 160+ 5

PET B0k 5 1255 1155 150+ 5

PE (Stamylex) 90 =5 1255 115+5 160x5

[
FEP (Teflon™ 12025 155+ 5 1155 160 5
like)
Table 2. Contact angles for olive oil
| S Clesined Laser Coated Laser structured and coated
Substrate = ""f . structored o) - face N : -
‘ SR ace (0} | o dace ©) sy age,( g surface (°) -
Steel - - BO x5 105 x5
PE (Stamylex} - ! - 80 =5 130+ 5

The large relative increase in the contact angles for both water and olive oil indicates
that the modified surfaces of the different materials have become super-hydrophobic as

well as super-oleophobic.

Materiais favored for components such as a housing, a housing, a casing, a shell, a

faceplate, a grid, a hook, a lid, a battery drawer, a button, or a manipulator, comprise

ABS = Acrylonitrile Butadiene Styrene

ABS-PC = Blend of Acrylonitrile Butadiene Styrene and Polycarbonate
CAP/CP = Cellulosepropionate

MABS = Methyl Methacrylate Acrylonitrile Butadiene Styrene

PA =Polvamide

PBT = Thermoplastic polyester
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33 137 137 POM 83 F86 138 141 5Table 5. Contact angles for water,
after ageing Substrate Plain surface'Laser structured andl1 ,coated

Wsurface é)ollshed sparkedpolishedi sparkedi ABS FNA NAF158F 150i

NA FNA1571 164 CAP-CP NA NA 88F N.A.  PCT/DR2067/000002
12

PC = Polycarbonate
PMMA = Poly Methyi Methacrylaie

POM = Polyoxymethvlene, also known as Acetal plastic

A test program was conducted on samples of these materials. Slabs were injection
molded in polished and in spark-treated dies. The molded slabs subsequently had their
surfaces micro-structured by laser treatment and coaied. For comparison, a set of slabs
injection molded in polished and spark-treated dies was included. The spark treatment
was done according to a specification Chamilles 24 as defined by a the company
Charmilles Technologies SA, 1217 Meyrin 1, Geneva, Switzerland. Specimens molded
in spark-treated dies thus have some microstructuring in the surface. Subsequent
structuring by laser treatment of the surfaces introduces a deeper structuring so as to get

a surface with an air content at or above 50 %, preferably at or above 60 %.

The comparison samples were not micro-structured and were not coated. Droplets of

water and olive oil were deposited, and the contact angles were measured.

Table 3 shows results of measurements of contact angles with drops of water. Tabile 4
shows results of tests measurements of contact angles with drops of olive oil, which

may be assumed to simulate the properties of liquid earwax.

The slabs were then subjected to an acceleraied ageing process, where they were stored
for 24 hours in warm water mixed with NaCl and acetic acid. This ageing test emulates
the degrading influence of sweat. The measurements after ageing (only micro-

structured slabs) are given in tables 5 and 6, table 5 showing measurernents with water,

and table 6 showing measurements with olive oil.



MASS NA NA 158 159 PA NA NA 157 160 PBT FNA FNA 158 157 PC
FNA FNA 156 F157 PMMA FNA F.NA 159 153 POM FNA NA 157 160

WO 2008/080397

Table 3. Contact angles for water

PCT/DEIOOTH00002

Subsirate Plain surface laser structured and
coated suriace
polished sparked polished | sparked
ABS 116 113 158 157
ABS-PC 39 117 157 155
CAP-CP 13 118 154 153
MARBS 122 113 158 158
PA 116 1189 154 158
PBET 117 121 155 158
PC 40 34 154 154
PhMMA 3z a8 153 154
POM 113 118 153 155 |
Table 4. Contact angles for olive oil
Substraie Plain surface Laser structured and
coated surface
polished sparked polished sparked
ABS a5 75 141 144
ABS-PC 74 8z 139 140
CAP-CP 75 81 138 139
MABS B 82 1483 141
PA 84 83 139 134
PBT 85 84 138 - 187
PC 84 70 127 137
PMIMA B4 33 137 137
POM 23 86 138 147
Table 5. Contact angles for water, after ageing
Substrate Flain surface { aser structured and E
coated surface
polished sparked polished | sparked
ABS NA NA 158 150
ABS-PC NA NA 157 164
CAP-CP NA NA 88 NL.A,
MABS NA NA 158 158
PA NA NA 157 160
PBT NA NA 158 157
PC NA NA 156 157
PMMA NA NA 158 153
POM NA NA 157 180




14 Table 6. Contact angles for olive oil, after ageing Substrate Plain
surface Laser structured and coated surface polished sparkedpolished
sparked ABS NA NA 144 94 ABS-PC NA NA 140141 CAP-CF NA NA

WESKIR KHRES NA NA 141142 PA NA NA F133140

PCT/DRIBOTO00602
i4

Table 6. Contact angles for olive oil, after ageing

Substrate Plain surface Laser structured and
coated surface
polished sparked polished sparked
ABRE NA NA 144 94
ABRS-PC MNA NA 140 141
CAP-CF NA NA, 23 MN.A.
MABS NA NA 141 142
PA NA NA 133 140
PBET NA& NA 139 128
PC NA NA 148 145
PMMA NA NA 143 122
POM NA NA 139 134

This was found to be a very satisfactory result. There 18 a significant enhancement of

repellency to water and 1o olive oil. The enhanced properties are persistent after ageing.



PBT NA NA F139 129 PC NA NA 146 145 PMMA NA NA 143 122 POM
NA NA139134 This was found to be a very satisfactory result. There is a
significant enhancement of repellency to water and to olive oil. The
enhanced properties are persistent after ageing. 15 CLAIMS 1. A method
of manufacturing a component for a hearing aid, comprising providing a
slab, processing the surface of the slab with a laser to provide a
microstructured surface, which surfaceisomprises peaks and troughs and
has an air content of at least 50%, and treating the microstructured
surface with a moisture repellent matter. 2. The method according to
claim 1, wherein the slab is adapted to provide one of a housing, a casing,
CldNBl, a faceplate, a grid, a hook, a lid, a battery drawer, a button, or a
manipulator. 3. The method according to claim 1, wherein the step of

].prowg{nl%eti!].l]8§ qu'bl Walttu 5:[0 ‘I?rinnJ Cai: %%%%%8!}%{3?910?%” 1e%%nc Ozriri] ,rlczscz%asasl‘pqli%g%)f%viding a slab,
molding in a die, which die ias been microstructured at an inside.” 4. The

pravetkiog ecurbiergabtetailih | Mikherkivtive Brplofgrdvessinltessifrrace lgeh surface

cdhg:slabwith-adasgeeomprises.selecingtbedases o) 10e @HauR the microstructured
SUI‘c§mpri ing a.CO2 Iagﬁer a solid state laser, a picosecond laser and a

Hitod ‘Cao‘ﬁalff%g(‘éfcp enit matier.

2. The method according to claim 1, wherein the slab is adapted to provide one of a housing, a

casing, a shell, a faceplate, a grid, a hook, a lid, a battery drawer, a button, or a manipulator.

3. The method according to claim 1, wherein the step of providing the slab with the
microstructured surface comprises injection molding in a die, which die has been microstructured at an

inside.

4. The method according to claim 1, wherein the step of processing the surface of the slab with a
laser comprises selecting the laser from the group comprising a CO; laser, a solid state laser, a

picosecond laser and a femtosecond laser.

5. The method according to claim 1, wherein the step of providing the slab with the
microstructured surface comprises manufacturing a blank by an SLA technique, and subsequently

providing microstructuring of the blank surface.

6. The method according to claim 1, wherein the step of treating the microstructured surface
with a moisture repellent matier comprises gas phase deposition using a silane, preferably a

perfluoroalkylsilane or an alkylsilane.

7. The method according to any one of the preceding claims, comprising the steps of treating
the microstructured surface with a plasma and depositing an adhesion layer adapted for enhancing the

reactivity of the surface by creating hydroxy groups.

8. The method according to claim 7, wherein the steps of depositing the adhesion layer and

treating the microstructured surface with a moisture repellent matter comprise vapor phase deposition.



5. The method according to claim I, wherein the step of providing the slab
with the microstructured surface comprises manufacturing a blank by an
SLA technique, and subsequently prowdmg microstructuring of the blank
SA?O&%S?E%SS;@%C@ B. Thelmgtdm?;z:a _5 l, Whlereln the st ep | of treatlng

the microsunctured surface with'axméistlve r t
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an alkylsilane. 7. The method according to any one of the preceding ‘
claims, comprlsmg the steps of treatlﬁé the microstructured surface with a !
plasma and depqsmng an adhesion layer adapted for enhancing the {

groups. 8. The method [
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