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COVPONENT FOR A HEARI NG Al D AND A METHOD OF MAKI NG A
COVPONENT FOR A HEARI NG AI D FI ELD OF THE | NVENTI ON The
w@e@s®si397 nvention rel ates to conmponents for heer/DREGI07/000002
aids. The invention further relates to a nethod for
manuf acturing a conponent for a hearing aid.
BACKGROUND OF THE | NVENTI ON Hearing aids generally
i nclude a range of conponents such as housi ng,
COMESNANTEH SR W ARARING A1 WD A METHODIGRRAARING A
buttons. I TE hearings aids generally conprise a shell
CONRODNENAKOR caHEARINGI ABat es the rel evant part of the
user's ear canal. A receiver is placed in the shell in
[ [ ' n acoustic outlet port arranged at
Fﬁﬁgygﬁggﬁﬁgﬁggﬁgﬁa?fe. the end of the shell adapted
for being situated in the ear canal close to the
Theyfrosunt thveRidil @hes tdkem@bsdnad foe hdarafg dide Thbalvention further
the opposite_end, intended to be orienpted towards the
relatgsite arpthefsior mangagRER Sy O RoRERIIPER BB S enb v,
connected to the receiver by |leads. In one design, the
BARKRPROUKTS BPFaSIE TRVENTION porates a microphone,
el ectronics, a battery conpartnent and a hinged |id.
The m crophone communi cates with the exterior through
Hearpngraids geverstly vesiudecd/engel obgorapapenty sugkhes oasingpinfepp
hear i Ld may be.r ‘ S an earpiece integrating
el%lﬁ%nbg]a(qu% ltg)f’ q@’ %‘glg%}ﬁegg%ﬁg ng. BTE hearing aid
conprises a housing adapted for resting over the pinna
I'Tof hdahigsisids garetalhrcoagirispiashell,addph emhtdoicall ydeplicates the

into the ear canal of the user .and servjn Q _convey. ..
re A8} 1R UED 6 68 G Rt S QP PR 10dbe heHdn Comfahication
wRRLRAESR L DufQHIRGHRM %éd)atttﬁ@pl%-{ﬁrﬁl QY& tH?:Xeng of e Whell

conduit or, I n case i houses the receiver,

~ adapted for being situated in the ear canal close to the tympanic membrane. The distal

end of the shell, i.e. the opposite end, intended to be oriented towards the surroundings,

© is closed by a faceplate subassembly, connected to the receiver by leads. In one design,

the facepléte subvassembly incorporates a microphone, electronics, a battery
compartment and a hinged lid. The microphone communicates with the exterior

through a port, which may covered by a grid.

Whereas an ITE hearing aid may be regarded as an earpiece integrating all parts of a
hearing aid, a BTE hearing aid comprises a housing adapted for resting over the pinna
of the user and an ear piece adapted for insertion into the ear canal of the user and
serving to convey the desired acoustic output into the ear canal. The earpiece is
connected to the BTE housing by a sound conduit or, in case it houses the receiver, by

electric leads. In either case it has an output port for conveying the sound output.

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
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electric leads. In either case it has an output port
for conveying the sound output. During normal use, a
wheasiosdoni d i s exposed to environmental fact oPGI/PKEEHIV7/000002
as wear, noisture, sweat, ear wax, fungi, bacteria,
dirt and water. Sonme of those factors may have a
corrodi ng influence; others nmay cause devel opnent of
an undesired biofilmor of an otherw se irregular
of dutlaaatdrals. HoweCarthe siaronmeptd acers mrayl dvettipg Craqee an
sel ectionof durable materials. However the
unsgiyrepRABEARCE factors may over time create an
unsi ghtly appearance. WO-A 1-00/ 03561 provides an
woXLHG0SH1 él%@fdie@% Al Whekating bittwhaeinshé accnstid edtlet port is
port Is protected against contam nation by eargax bK.
proteeteuisgoinshepndaminasionemeal Wan iy Erans of HeaYVaY SPH p\‘.ﬂ?‘lc. 18
. An elastic hos ann rg, .t '
e e L L e T Ty
cobrides an ekyeatigily @duRgelement witian thranglaoingeavitycald srabugment

one end for sealing abutnent against.an edge of,the
colfpasn pgeRs) 6 RO AG  BRIPLEEES: AR B he BTt < adfe
ad?ggmﬁwﬁxgpthod for hydrophobi c coating of conmponents
For a earing aid in areas of gaps, slits and

apertures, such as for the battery |id, the battery )
EPcAPyid822f5nthows hendtberfonhydiophotigioaing af sprpReensuigs gdsaring

.of ensuring entry.of oxyg ' i
w3 SbBARatT A Freahich Tich 4 Fafife bl EFRCAc biery
comBRimeht tRthoubiag Eﬂ%_@\)ﬁtéﬁ, fbxi e ipﬂq)k?_sé' b’éer;soa'illg flgry of cl)x.ygen,
conpri ses hydrophobi c or ol egphobic erials applie
it B g PEIDBFORSF g of PGt DENiept e PO BBABRE Y of

o e B PRl o SEPIc o e e

im&@adibmer spriyiAg- 1458217 shows an acoustic filter of a -

hearing i nstrunent, detachably placed nearby or at the

’ Dﬁ%elp @%&8@2&%@&? gr? teeilr\gvag %Bgrﬂtfog ; héal}l%gi 4 ,twghltilgﬁ:“ l%s'begﬂe

provided With an oleophobic or biofilm-inhibiting coating.

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 synthetic, metallic or ceramic material or a fabric-like

material.

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 having high and low portions with an
average distance between high portions of not more than 1000 microns and an average
height of high portions of at least 0.5 times the average distance between them; and
having an air content of at least 60 %. The air content of the surface is determined by
taking an imaginary plane parallel to the surface passing through the tops of the high

portions of the surface and measuring at this plane the percentage of the total surface
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is made of a polynmer material, a synthetic, netallic

or ceramc material or a fabric-like material.
WERB0SAsBAB2285 provi des a nethod for hydr ophobP€T/DK2007/000002

coating of a hearing aid foy the purpose of preventing

entry of noisture into crevices and openi ngs of the

housi ng. US-3354022 provides a water-repellant surface

havi ng high and | ow portions with an average di stance
arebB eir. The burfees inap de obated withorselid hawing GOTater @REREangle of

and an_aver age _hei ght. of high, portion at least 0.5
gﬁ@?%@@“?ﬁ@ﬁ&@ ?&3‘“HWQ?%?@@SE@Pﬁﬁgﬁbfﬁéﬁghgnd havi ng an

air content of at least 60 % The air content of the
WERWILEBR41 5§ e RSk i R eide Bt théldsngrea mransprgl oramptying o

parallel to the surface passing through the tops. of
hydroghihé Gauiderwhiehdevige has saise ?fﬁ%sea“élr?é"%’@é% £ er%gf‘aﬁa‘“t“ﬁ ithe
. plane .t he r.cen . § fnd
i AR gl B 2R Bt TRy Bl BB hother BIRIZ00 kilont nd
the WeioBE oE €l bdedaingk betdfeeq Odladnelr 100haitr@B, aelfhe sased Pens deing

surfaces are highly water repellant. W Al- 0058415
hydspphabies a device for the | oss-free transport or

enptyi ng of hydrophilic liquids, which device has
SURNRSGSY ITEREEARYENaMON €s on the side facing the
I'quid, the distance between the raised areas being
between 0.1 and 200 microns and the hejight of said..
The &iveatomie adirg@spsh PrayidesrPraTsocn; foF & Asarngid pgrarding to
1raised areas bei ng hydrophobic. SUMWWARY OF THE
ClajR\ENTI ON The invention, in a first aspect, provides a
conponent for a hearing aid according to claim1. This
ThirRyiidesa aomponeantant hbaingaif dzat hagertiadcadygpellpagy to moisture

enhanced repellency to i sture.and bogdily, fluj .
an @ BAgDBHIES CATRER opAHecs Ty BE S SeRal el by sopprise
hoGQHRY E é(}? USRI ISeerfAS BGSs, hobied, lids, thaegpiravas, bugiohslsnd

Oﬁo@@i,éf? S, battegy drgﬂers, buttons and
manipulators etc. Suitable substances for the coatings are silanes such as ¥
perfluoroalkylsilanes or alkylsilanes. The silanes are chemically attached to the surface
by reaction between hydroxy groups on the silane and on the surface, forming a self

assembled monolayer (SAM).

According to an embodiment, the component comprises 2 slab with an exterior surface
that has been microstructured. The inventors have discovered that microstructuring of
the surface enhances the water repellant properties. The term exterior surface is here
used to designate a surface intended for generally facing the environment exterior to the

hearing aid, as opposed to a surface intended to face inner parts of the hearing aid.
Further advantageous features appear from the dependent components claims.
The invention, in a second aspect, provides a method as recited in claim 7.

This provides a method for manufacturing of components with superior properties with

respect to repellency to water and bodily fluids. Components on which this method is
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mani pul ators etc. Suitable substances for the coatings

are silanes such as , perfluoroal kyl sil anes or
wa@bdoglosizbanes. The silanes are chem cal |y att aptiBOKR@7/000002

the surface by reaction between hydroxy groups on the

silane and on the surface, formng a self assenbl ed

nmonol ayer (SAM). According to an enbodi nent, the

onponent ¢ rises a slab with an exterior surface
Off?r‘ilé{ ntAgsInG %W%?%F?%Lﬁh\éiﬁ%%??@%“méﬁ%P§01F§a\1}€& battery
wdliveROMRERE hBfaniui@Rt uct uri ng of the surface
enhances the water repellant properties. The term
exterior surface is here used to designate a surface
Withinethg @eeseaircogtene pufdcps ¢xadhiting a henteehanglerinp aterextending 120°

ar,i id, as osed to a, surf.ace, i ntended
arh 48 SRR Plbrobe. S5tePRERR G R af HoURE hbieletting
appdoaitagartalsfaga useding pREafo-Sur ot bittate RANRBH air content.
conponents clainms. The invention, in a second aspect,
oyi des a nethod as recited in claim7._This provides
S‘ﬁi ﬂ%lfﬂh aturesrandaeuaniages of Hig RsescabimyeHm willhacams apparewito
R A ot st L
expthieadt iageeatercletedle housi ngs, casings, shells,
facepl ates, grids, hooks, |lids, battery drawers,

[ Wthin the present
Bgﬁﬁ @%@‘?ﬁ?@ﬁiﬁf@@@?%m act angle to water
exceedi ng 120 are terned super-hydrophobic. Suitable
By unf af esamply, therefs stcwaeshdales@ted i pref@ma prodpdin®in€of this
. materials and providing a mcro-surface structure with
lnﬁ?"éllﬁ’nagﬁ We@ Re &rlizedsithe Mventinars cappble  othas dlitheronimnhpdiments, .
angEtstsF%rQI_r@e‘iﬁﬁtaré BBl 2 %c%f]&ii}iéatilgﬁ ¢Q %@%P&S\ff&ﬂs altsgerz]cttgﬁi; e

illed in the art fromthe tollow ng descript

. withat departing fromvibe invention. [Acchreliesty| the dedvings audelt@iptions will -

det ai.| BRI EF DESCRI PTI OF THE DRAW way . of

bedegdrirdas lﬁﬁgtfaéwieén Bﬁ%w(ggﬁ@t AETicH e Ig%‘r 5%@.“}%@@
enbodi nent of this C :

Fig. 1 shows an ITE hearing aid;

Fig.2  shows a BTE hearing aid according to a first embodiment, in perspective;
Fig.3 shows a BTE hearing aid according to a second embodiment;

Fig. 4 shgws the BTE hearing aid of Fig. 3 in rear view;

Fig.5 shows a section of a droplet on a surface exhibiting a small contact angle;
Fig. 6 shows a section of a droplet on a surface exhibiting a large contact angle;

Fig.7 shows a plan view of a slab for a component according to an embodiment of

the invention; and

Fig. 8 shows a section in a slab for a component according to another embodiment of

the invention.
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invention. As will be realized, the invention is

capabl e of other different enbodinents, and its
w@ews/si39tet ai | s are capabl e of nodification i PCT/DK2007/000002

various, obvious aspects all sw thout departing from

the invention. Accordingly, the draw ngs and

descriptions will be regarded as illustrative in

nature and not as restrictive. In the drawings: Fig. 1

DEHMEE Q@E&@Wgémg aid; Fig. 2 shows a BTE hearing

aid according to a first enbodi nent, in perspective;

REfeQencé iSHGWRads t%-'f% 'ie@rhic‘ﬂQHfi‘éﬁ%&%&%ﬁ'h@%ﬁ%’egﬁ g&%?ﬁly

nbodi nent; Fig shows earing
ccpmpmsem a vheélva aFaqpplate 3ol S saemd irdet it Gankt mpxbuild cmutplm port
ace exhibitin con sho
7 MRS R Sy et S eposis R Fote M chudlpr 8 R the
su@aloatiut poig W‘i’acn’l:g the uZeﬁ@@%ﬁpaﬂwﬂh@ﬁbﬁéh@ VI gfl AsS b @push
a conmponent accordi ng to an enbodi nent o

bytippehtiranged inde HidgThapeshdwston sewes foglovnthg us¢rab ifpt a

cRTRRIC Bk SR LR PR e R EABES s8hetb e e

to fig. 1, which illustrates an I TE hearing aid 1,
Fgeﬁ shasivd g/B(TErhear'isg aig 18 heddingp adirémﬁpddalhent&hisaeﬂlbaﬂiment

un 6 and.a sound out The
b FroRg i sied iR Bapk Bud Fimkain Goe S BB Co 4 Thise mbodiment

al@é‘ dhd itérC@BREr PSC with %ﬁéry"&ri\{?ertﬂ?@tr&%ﬂ% QHY Bh’l.tterQ Ql’r'etwez nose
facing the user's tynpanic nenbrane. Fig. 1 al so shows

I'a Thedhg. mmmdlmelarfﬁ@twe@ lpek giipping pbm@'hé&p\ublhh lua tenipulator
| | h er 10|n ut.. .conman
thsclf ﬁi\ﬁgtsb f\aﬁ tfle IEP ]pg 2 nltl 05 2 881?%‘8 pemiy Igp%r}m%gne drawer for
reSIﬁivaDdéiEtﬁe Bﬁt&ry EW(Q furthes ldels abdht thdie aéthilgreférindedmay be had to
accor dl%87t o a first enbodi nent, this enbodi nent bei ng

%/35§tyl ed with hook and casi ng in one
integral piece. This enbodi nent

Reference is now made to Flg 3 and Fig. 4 for an explanation of a BTE hearing a1d

according to a second embodiment according to the invention.

Fig. 3 illustrates a BTE hearing aid 8 according to the second embodiment, in side
view. This hearing aid 8 comprises BTE housing 9, generally consisting of casing 10,
hook 11, sound tube 12 and ear piece 13. The hearing aid has various details such as
microphone grid 20, rocker button 14, battery drawer 15, battery drawer protrusion 16,
and battery drawer nose 17. The rocker button is used for permitting the user to turn up
or down the volume. The battery drawer may be partially opened by engaging the
protrusion 16 for switching off the hearing aid, and closed to switch on the hearing aid
again. The battery drawer may also be fully opened for removing the battery by
engaging the nose 17. For a further explanation about these details reference may be

had to WO-A1-2004073351.

Fig. 4 shows the BTE hearing aid of Fig. 3 in rear view. Reference may be had to the

explanation given in relation to Fig. 3.
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al so has battery drawer 15 with battery drawer

protrusion 16, and battery drawer nose 17. The Fig. 2
weedpsasesent features a | ock gripping portion 1BCT/DER@/000002

is a mani pul ator that nust bg engaged by the tip of a

nail or a pencil to permt opening the drawer for

renoval of the battery. For further details about

t hese details reference ma e had to )
AGRETAe 30 Bg T 35on CrppaRii el tﬁ% hersinerfidiemay befrgatedtogghieve
erfhlaficedbulfate FOp&R! TRIRLnRWiREhE BEeIRE & EQIVﬁntage

according to a second enbodi nent according to the
canppréngthiopsingsicapings, shellsSfaceptiaes, grilsy Bohksadidndatiery Bawers,

cording to,.the cond enbodinment, in side,view This

bR e Pl B o R s BT BTl TTa s Posfon ey surtace
propérsies towigdsolqueasiang ol subfgced digniFey B ithpdfed dbiBRLS the

ear piece 13. The hearing aid has various details such
sugkaceireapluple supsiagceso Cenereltvrthg abitibiof rsolig sutfageyto repel a

15 Q?ﬁgﬁq% q Qy@r 0 I 16, and battery
h(ﬂ{lgﬁﬂ%%%g } e {loc et? Su(%fivgers%{n?' used for

permtting the user to turn up or down the volunme. The
Ohaguantijatie anvasure®y theevqting bbb kglidbipenBquidys e gagiaciganictee

I ot ' 16 fo i t.chi, f the h ing. aid, an
wBiCB St B eipefiea e bt anels frga ke o 1465 Brey-
pHAEABBENJARY whérS ehedIRyufidl| da¥ 2P SNROinfeRdect. THRME NistBRA in fig. 5,
battery by engagi ng the nose 17. For a further

wistp s fendiesihe poniect ehgls of detasst dsoplef @ @nemnaaytrgatechauiface and

: -.200 Flag 4 .shows th TE heari i d

ingfe K0 e g ol o U L ol M frece
expl anation given in relation to Fig. 3.According to

Coritectianglentaluen belowfor emdisato that e Igied spreaddiods overyhdlid
treated achLeve, nhanced surface ?roperties.

L ¢ .
s F@Hh‘éhlpg chiterelighfes ik inectiseslid Iy aantagenele is greater-
th&Q 907 118 &iqNRUALEASen &SR fBES dro?ﬁ%g b thefs%ﬁﬁghfﬂcgsand% Lfi$to

hooks, |ids, battery drawers, buttons an
eximnt pobawettmg behatibie present context the expression
enhanced surface

In this terminology it follows that the larger the contact angle, the better the ability of a
surface to repel a respective substance. As indicated in fig. 5, for untreated surfaces the
contact angle is normally 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 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.
The inventors have further discovered that the combination of structural modification
and coating significantly improves barrier properties of the surface. Fig. 6 shows a
water droplet on a surface, which has been modified according to the invention. The
increased 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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properties towards aqueous and oily substances

signifies an inproved ability of the surface to repe
W@ o@h/08035t ances. Cenerally, the ability of a BOI/D&2007/000002

surface to repel a liquid sybstance can be determ ned

in ternms of wetting. One quantitative neasure of the

wetting of a solid by a liquid is the contact angl e,

which is defined geonetrically as the internal angle
wafepereeddb 4% foi guiaktnof materials %b@ﬁ@é@eé é&ﬁﬁ@&ﬁpmﬁf@ﬂ@m may

he i qui a nd. sqlid i r
be iqrﬁnﬁg P&%q%gdﬁ)ﬁﬁglﬁa.ﬁng fadl\}&%rel ¢ g {ha%ns'% en &%@@He&g LRt et
ch@Rabstieh, the WRETeddhapliAs obminad soperaileaphbbieatdatesur f ace

and in fi g. 6, where gm denoé ? the contact angle of a
chagagtesistigs.cisIveill abe becomelFlercid e falloddns.cont act angl e

val ues below 90 indicate that the liquid spreads out
Thé %%p&lli&t s@rid lﬁdﬂi{ @agl%n A1 WBla feRedhddng nhdr@ détdil b8ginning
to wet the so the contact angle is greater
withithe sﬁ@acblserud:tuqug Fig. ﬂs&hea/d ap @mﬁspleobffadmr @Iﬁrwllllég suréage of a
e solid surface, and a to exh [
st RPBOTRHE SRP R ARG VB & o1 e ARG, T
slab%e@/er(e et Gakasgta can@bient b & hb&idgesid g Ahird dftayhonking, a
surfiace to repel a respective substance. As indicated

casing, faj shell 5 fapelatarn grichrd@okp i edptieRhediayat aON ARG i s

| ess than 90. It is well known in the art to
oflid with a hydr ophobi c ayer in order to

i ncrease the contact angle and thereby obtain a
Thmuﬁhwmubammlglmpmfesamy acdizedSouc hitaalsgales that awanichdaigaythan

[ t t t
chighaRaszs 1ot omand Munbbs & REUe: drSeaiEPERtTuP- o
naftdhbie} é’tﬁﬁ:lturgp "{i)'uf A& ONnat 1000emRH6A2TRisAE refeiddions a

materials wll inprove the ability of the material to
mmmstrhctaq:ueous and oily substances. The inventors have
further discovered that the conbination of structural

R R RERE PP B BN Brtcs ot o

be applied to a part of it. A controlled structuring of at least a part of the surface in the

maé%pé;[%o} %t

immediate vicinity of the pores is particularly advantageous.

The applied structure can be periodic, quasi-periodic or random within a certain spatial
bandwidth. The spatial bandwidth is defined as the range of reciprocal wave numbers
of the lateral scales of the structure, the wave number being defined as the reciprocal
value 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 ratio 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
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wat er droplet on a surface, which has been nodified

according to the invention. The increased contact
wa@r@Bmesd3ar gel y exceeds 90. In fact, as docunmenP@dDK2007/000002

bel ow, when the surface is npdified by a conbination

of a structuring and a coating, the contact angle

of wat er exceeds 145 for a variety of materials. The

obt ai ned surface characteristics may be terned )
lagers émcwchl G Hhi nicospepnadasiers a4 femtqsgeond lasers. Processes used in

1y d S - -

the flag)%f:até%l (gforﬁﬂﬁgh no- éi {tio%ﬁcgéﬁ@%%@?r_ﬁa%h}%%ﬁ% Eltﬂeglbcra} g}éséems as
wélhay @hérestdtahg Gﬁelecﬁmchbﬁﬂcahﬂ)moesbmmlsd teapplied.t he

foll owi ng. The conponent surface nodification will now

be described in nore detail beginning with the surface
Fortardigiber bNgom fér@nts7of$m\lﬁr1ﬁg afglx agpheusiafos acasmge rshells,

structured surface of a for a conponent accordi ng
fageplatere erifiy ko AdadatierrirawersyHitons me F@El@atﬁé@f&?ﬁﬁsgmemﬂy

pr§1le§}3d %aﬁ&ﬁ&tﬁ?ee@l%?laoaﬂm?&l&{ m%lcﬁﬁ’%m? %QEas@fstrﬁctBﬁﬁ‘é bf‘@le

asing, a
oﬁmpﬁt&hdaceamgy bel ,ac}ae\mdakx;ough bmlthbleastbmmwf dnauw&r ﬁuréace of

fton, or .a _nanipul ator,. etc turin
thg teyRet e iy Paen Py Epinf o spaik teatihb Fredtd A HroRfhes

mbﬁffgﬁﬁreﬁ @%%n@"]ﬁ‘( @ééhﬁiﬁh@ tsbﬁmﬁiné@&fé&éd @i ri&a;%ﬂ@rototypin g

mol ecul es"as wel grains or other subnanoneter

methpd.dt israsacraby pqu@;red '@r@@‘ﬂd‘t moatowrrﬁgcqfdh%comﬁ@nﬁ girface
eferr d to as,.a mc T
st R bR B TS BT sk bl Fpe e B el

pf@cgsfgﬁge or it can be appli ed to a part of it. A
controlled structuring of at |east a part of the

urface in the immediate vicinit .
Tlgﬁa?qarlaa PhepuEacesitushEet omBeny %ﬁfﬁ% ‘ngé’ g%ﬁ‘ é[sﬁsaﬁatmg

i i | n

A SESEHRL S R ARAANFre RO L0 8 el
ayipliging arhgérocphohne cogingaala swefeee wsingoelagenfuch he pérfueraalkylsilanes -
ogagl%lflgiza & l-%fsggltéqrsua%et: c en’ucal{]y attac Veed trc])ucﬂbsurfacg Ibn geacgon 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 treatment with a plasma, e.g. an
oxygen plasma. The plasma treatment both acts as 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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val ue of the |l ateral wavel ength of a periodic

structure. The structure is applied to at |east a part
wo@tooslgosgpnponent surface. The average pitch i PCT/DE2007/000002

surface structure should be g1000 microns or |ower. The

aspect ratio is typically about 1:1 or |larger. Good

results have been obtained with sanples over a broad

pitch range, including pitch at 40 microns, 10 mcrons
Bagln silaersingd rghesionmiagersue prefasally dapqsifed Hgingayyaper phase reaction

erf .
sl S BB RE % ATy KL STPR S o€ SR Horp AR e
sepdrhte raivaiRconiiiing thaidiffaentechamidtass wkd (dheae,adhéxdon kyer

e used for surface structuring are_CQO2 | sers,,sol&d
prequazosead 8 catalysh @nd ademgiepismasou s c By cach deiesy ol §vell-
de{gﬁgﬁ QAGEAD df ﬁézﬁféentpéhgﬁl?ﬁﬁ&saré* epthokdled fifo § dRsdrGatibPN

m Cr o/ nano- el ectroni cs or
chainben froanwheleald vapue chiajecedlinte st wasticaschagiber encect dpeeified

et chi.ng or el.ectrochem cal ocesses can al be
PreSPRB NS YRROr Z AR DB OBY 1 SO A ES SBReE RE® ROUFrHgreD
refrfbir SaPthe VAPSHAAESH cRASHIRURd bR $he Vap6eRIRh&Bamber and the
grids, hooks, lids, battery drawers, buttons and
reapgion himber are contralled barvelveh| Thepeesreoipscanditbe wanslerdies pay be
t by _lnjecti | di . 1 hj e '
e s AR SR SR vaeStire b Lo AERF Bl iy R e
trambfed Ghew. INgh, Bie @Actiohrdamber hagbe béatédhe di e used, e.g.
by | aser drilling, etching, or spark treatnment. In

case of canponents nuf actured by an SLA techni que,
ThE e i S P BRE PR B S0 oot 8 GRSt Jribh BT RGEmber.
trdnisfer SinSEARS \ae{r%)loﬁzﬂfo%fcﬁﬁﬁlﬁé’r. TReREQM R Pipisidies idRdlRE and
of the conponent surface subsequent to the nolding,

the cgmpiynds as gre 1psereaEssAra glloweedtoiavgpartedniodhe vapvsiahiee

R TSRO a3k MBS RS BaTer g voor s

infRRUIIAD tHS dABtGh GRASHRNBS actiATtEO b PIfRESSS bethiren the
process i s based on applying a hydrophobic coating to
vaporrgticachambengpdshe smeedonsehambes %@qefq GastoR skapl is cpapleted 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 in order to

obtain a good quality 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 is more cumbersome

and demands several rinse steps.
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or al kyl silanes. The silanes are chem cally attached
to the surface by reaction between hydroxy groups on

wo b@smsizane and on the surface, formng a PCT/DK2007/000002
sel f -assenbl ed nonol ayer. Fijpstly, the material to be
coated is rendered active by treatnent with a pl asma,
e.g. an oxygen plasma. The plasna treatnent both acts
as a cleaning of the surface and as a_way maki n

Alsor polpmeriesiioniof thejlapdia theliged pbascorTodyceR wrpée&ncb%rtg%gay
o [ ARSIt et SR el At i

resuléng innigotk Yemn-qualitg chatthgexyd gr owgpsoduaibld ¢maning éncknesses
deposited and, nmore preferred, a catalyst is added to
onot e de 03|I| of he adhesion | a e
REEEBE Sy iR Tl VY000 6L p DATSE 18 avie ap eRghbr Sitface

16VASSER sBSuRAMRd %ﬁt&h §cdoPd1ﬁ’£ #£4n EMbsdifRh€ofsh@vention. The
coatings. In the |ast step, silane is then reacted

sufachist dh@raamzechbaed sguard-wawe m profile having alterpatinggieaks 28 and

3P SR T Rt b a0 e

tro@hewided 81.0% piue beddk yudigRas furttdr peividedavidap osatipaase
reaction schene. Preferably, the equi pment is designed

h nd
TG re i HOR e OReh EHES R PSRl MERGRR S deisopgprtace

s8N h@&@&% BhitdrAYEECIRMAS B §eryt&fbmu@r&a{ﬁémémﬂa{w was
a renote p asma source. From each reservolr,

pmdh¢ezdlemtm e deraiosasond leoér. The coliiiewidit atdhe hotstm was appreximately

t t ti
HRGPRT G np Betutk RRCAY AR DR EARD A En Al THE okt
é’ﬁ%éd b thebRSISH pockst, (MARHVR RO Itekinal TheswRies thaS surface
reached The connecti ons between each reservoir

tenpien @amqtzapptkﬁh@ BrafAse docaty. brioa 4Rl fapfers,ap g¢1pyas[q¢7@r;r he fill
facpqr is &‘efm%ﬁe S Eh@ 1afi§ 819151' A gﬂfiﬁ]ﬁ@eﬁﬁﬁ ﬁ?ﬁg t.rl\QJ tl)% Qx%unt of

reservolirs an |nes ma

maeaitaethat fs ragoesRaeN theswofadelayto The (anﬁfage laa@“qroi\x&aWal 900 mW,
and to avoid condensatign in the transfer %gl ﬁo,
therpwlseggpatition retp %érk}};aghewtlﬁ%la\y%\@_length was 775 nm, 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
stainless steel have also been performed with equivalent results. The average laser
power was in this case 275 mW. Experiments on steel with random structures
generated in conjunction with the formation of porés of a diameter of 80 microns have

produced similar results.

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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The systemis initially punped so as to keep a | ow
pressure in the reaction chanber, transfer |ines and
Wo a@s/8wmat i on chamber. Thereafter, the punpi ngPEL/DK6V7/000002
is halted and the conpounds;in the reservoirs are
allowed to evaporate into the vapori zation chanber.
Once the pre-set pressure in the vaporization chanber
is reached the vapor is injected into the reaction
Trmmm@nrfbgeséa@w epgone oKy gereRlgsipe tigatieat i9h & anipuieheldls

str&cjtgge/da ﬁ%g%s?\%l% c1e geglgsrgarfg%ltgﬁe%?fd fa %3&1’@2@\(@?«%%%% of 775 nm

an@ BRI, ehk asi ﬁe lof R mEsroas drheayuofatesat ¢re coabdby etolaniar vapor
punped omn after which a new reaction cycle can

degogiien. (x her gas phase deposition schemes may be used,
but the setup descri bed above has the advantage that

pl asma aCt'Vat'onTmﬁgﬁoéb&hQngks@Qhﬁﬁhpn l'ayer and
deposrtron of the silane are carried out in the sane

‘subQfatd!Ser

equiprentT T ana qﬁggteu fastiom, _providing no need
| Fezar vent|i @RcdelveefotRE | ndiloseatBictustdagd coated

Furt her mor

rsarfagelfg

Is8eh &) C Ol

EEEIce Gl er

syrfase (°hj ect ed

Si@[iount s of cem ca

I sspsg ang

esiisatso

he react 1895

gleRanber and 4ohs cd

ntrol+pvel

t his +t50t al

pressungoih the

Poly@@fdt | on

chamvher a

re advant i

hgeblds S n

order tolébtain a

PRJood qual

i ty0efsS th

e déatpPng

PECrogtdr e

arfd =ur f

acdzpiAdi |

ng. LAIHSer 1

botlafi thh respect 16@&*5

atively, 183+&r

Fﬁ?l(’ﬁ@]tm@-act i g leon
e

previ ously descri bed. The gas

however,

t hesprgces

ution w

5S  BY. sbe

th the sar

102) dppnqit

per f or meded ns

iLon steps_as

deposition is nD
rinse steps. Also

as

S Tef SRS

phase deposition is,
t he preferred t echni que,

el et

the liquid phase
sever al
ilane in the

Irnuld phase produces by-products th
9 posrted @mm@dthe %ﬁﬂface vuamﬂhysicahmﬁd&mmmedﬂmcandi‘

SHdta‘ heni Caknbindi piT PESul tlistigadet?) bQtstrshco® qual ity
Stci?t:’r‘.gs ARt CP?SLucit.cimg%L..g thi-cknegses:
Pw@'ggpgce |o rade—to—fig—8 Forgpan ttustratiga ok =

bar 1 et —I5—having—anmexterior—surface

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.

Materials 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 = Polyamide

PBT = Thermoplastic polyester
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16, which is structured and coated according to an
enbodi nent of the invention. The surface is
w@eb@sasi3eri zed by a square-wave |ike profile he@i/D§2007/000002
al ternating peaks 28 and trqughs 29 which can be
described in terns of peak height 32, peak width 30
and trough width 31. A part of the surface is further
provided with a coating 33. The barrier perfornance
P(hadobyserbonatst ed for different materials with different
aGge.s C . exagonal pattern of colums on
PW@F@%M%@&%&&WQ%% (Tefl on(P)) was produced wth
PAM-ePbRoREAREYIeAs also Khdencel Aveml pladtihl at the bottom
was approxi mtely 40 m crons and the spaci ng about 40

A € pRRsam FAE BorkRlckbambnhashpfes B ieds hiatiball! S1aBE Wefein@dtiby
the abl ati on process, which is non-thermal. Th

meidsd rrepolished anslinf<pe.trasies drs. dheenaidad sighsenbseghently had their
f | | TyDi | fill f . 0
sl ifiero-AERinna b Vaf Fastilarl b LR A Sl 2ot stabs

inREttibhRIdedlin befished @h@bpark-tieatet] itcsavmundluddd. Tht gparkkreatment
that is renoved fromthe surface |ayer. The La]\l/sera

wissdeme ageRreingia g speniisaion(anpllgssd 3sdsiped P teho R

ar{%i 1 Y‘?Fﬂgﬁﬂﬁ BBrevd 1k JeB8n 1ded
Clgu seesvzlllt %ﬁ%‘ﬁv%l?&%o S. [ E’Cr easV é’ %Ric%lﬁ?gctﬂeangﬁng ot
infspaxio-tedatadt didslthuglbgresemetmicaisouttulib g irddg sedacewdsbsequent

observed after the cessi ng, ich included the
St Y T eEnt Seltp e Hen ot are 4Bpg pTilghiife o o o ee
a RRFAEWIN £NEr dorti vt Sdboye 5@ YAipretbtaBlyf 4t @Fhbove 60 %.

DEXPl astoners v.o.f., Heerlen, The Netherlands). The

average | aser power was 50 MW An_even nore dramatic

Thshearajearisan sBNPlag Vermylt igasIEBsEsd Ayl wes pat anissh Dropfets of

| wgtt&g%lgd Il &sﬂelc{aggs%@g! A0 SR gtéglr%mre%&ﬂured,

al'ent resu e average. power was I n
this case 275 nmW Experinents on steel with random
Tstle Bchowessglenetmeadrementsoofjooneti arglesivtith dops 6bwatet.ilable 4

skgjifwﬁggéﬁtss rogge@‘[astrgé_aasgr%tmeegltsogf c%rcl)ta(r:r‘g e?nr;g e Swiﬁlaa/rgpf o2 oqu%eo(;l, which

may be assumed to simulate the properties of liquid earwax.

The slabs were then subjected to an accelerated 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 measurements with water,

and table 6 showing measurements with olive oil.



Contact angl es obtained for water and olive oil on
different surfaces are displayed in the below tables 1
w@p@sas03®r i ve oil can be regarded as a represePCEDK2@7/000002
of liquid earwax. The clean surfaces have undergone
oxygen plasma treatnment for 5 m nutes. The structured
surfaces were created by a fentosecond |laser with a
wavel engt h of 775 nm and obt ai ned peak hei ghts of 25
m crons. The surfpgess wesRagaabiedid¥yA-! ecul ar vapor
deposition. Table 1. Contact angles for water Table 2.
SubaRECt NI e Qi T Ve Ol hset SFuFEIEJ €] ati ve
I'ncrease| i n the contact angl esatédureed h wat er and

o Tve of [ doishe@af €spataat | T paishadi[f isparkedir f aces of the

A Tferent ngfeeri pl Si@ve [becsBe supets7hydr ophobi ¢ as
AB&EPE as supep- ol eophopi c.| Maseri dl s fssvored for

CAFOOPONENf s sih as aidousi ngis4a housissg, p casing, a

VARl T, al Tagepl at e, 1430ri|d, &shodk, #wdid| a battery
pAOTawer, g byid on| OR1@ nAni pwsdat dr, o3snpr| se ABS =

peAcryloni frihe Butadiene $tyrese ABS-HB8 = Bl end of

pcAcrylonifrilsa Butadi®mne $tyrmae and Pul ycar bonat e

PMMWT CP =| Celdeul oSepragi onjat e1syABS = Mt hy

povet hacry| at etdAcr yl onnéri lle BuBadilenelsst yrene PA =

Pol'yam de PBT = Thernopl astic pol yesterPC =
Pol ycar bonate PMVA = Poly Mt hyl Methacrylate POM =
Pol yoxynet hyl ene, al so known as Acetal plastic A test

program was condygghled. OBntSemRIeRS f&f ollveesie material s.
Sl abs were injection nolded in polished and in

SEBRK- TTRat el &Ffaca Ne NI dest skl@bsd asbSequent |y had

their coated surface :
polished sparked polished sparked

ABS 85 79 141 140

ABS-PC 74 82 139 140 (

CAP-CP 75 81 135 139 L

MABS 81 82 143 141 -

PA 84 83 139 134

PBT 85 84 138 © 137

PC 84 70 127 137

PMMA 64 33 137 137

POM 83 86 138 141

Table 5. Contact angles for water, after ageing

Substrate Plain surface Laser structured and
‘ coated surface
polished sparked polished sparked
ABS NA NA 158 150
ABS-PC NA NA 157 164
CAP-CP NA NA 88 N.A.
MABS NA NA 158 159
PA NA NA 157 160
PBT NA NA 158 157
PC NA NA 156 157
PMMA NA NA 159 153
POM NA NA 157 160




surfaces mcro-structured by | aser treatnent and

coated. For conparison, a set of slabs injection
wordodesh3dn pol i shed and spark-treated di es wasPCT/DK2007/000002

i ncluded. The spark treatnment was done according to a

specification Cham |l es 24 as defined by a the conpany

Charm || es Technol ogies SA, 1217 Meyrin 1, Geneva,

Swi t zer | and. Sg)em mens nol ded in spark-treated dies

t hus have sobdPla®.Fusaqt geglas faglive oildtes ageinge.

Subsequent structuring by |aser treatnment of the
Swgirdtaces| i nt RiRIuRusiEcS deepé#B§$WU@F@ﬁ?W§ $0 as to get
_a surface with an air con dsyrfageovel 50 %

| yPolished, | 5 BRAVKEdG @mﬁhﬁ E SRR s b sanpl es

A not | mi ¥b-struciive anwmﬂnr not——coat ed.
AYBH| ot s ofn _4ﬁ%folive ﬂ“ﬁ wureT%%nosited and

¥ gles were eas:2 ed- TaNmuES—shomé
MABS Ul ts bf 8 zurene“ s—of ciqtac az f es|with dr ops
P terl Tdhl e S.Mﬁs resuT{% of t420 5 frpasur ement s
P contapt—ahhles wi M—.L dronsﬁ"‘a.f e ivzz““i! whi ch may
PG assumed tfysinu!ﬂﬁé t.eHn146 er iej4if iiquid
P WA I".h.er\m!ab\ m;$& t.envgﬁ.je:tcazfo an
Pguce!era ed—ageing Evgcess, v —Phe%—mefe stored for

TR v fisindi t6 beaveryatiefactti X edultd THerdNa @ sig@ifificaae etiiahicement of
acid. This ageing test emul ates the degrading

reppilengi e walsF ardoAlive PHle The SRhANEHHEPIOBCTAFS diF Pﬁ@%ﬁtﬂ}j after ageing.
(only mcrostructured slabs) are given in tables 5 and
6, table 5 showi ng neasurenents with water, and table
6 showi ng neasurenments with olive oil.Table 3. Contact
angles for water Table 4. Contact angles for olive oi
Table 5. Contact angles for water, after ageingTable
6. Contact angles for olive oil, after ageing This was
found to be a very satisfactory result. There is a
signi ficant enhancenent of repellency to water and to
olive oil. The enhanced properties are persistent
after ageing. CLAIMS 1. A conponent for a hearing aid
conprising a slab with an exterior surface, wherein
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the exterior surface is mcrostructured and surface
coated by nol ecul ar vapor deposition with a noisture

WO e@slog@nt matter. 2. The conponent accordi ng POI/DK200mi000002
1, wherein the slab conpris a material selected from
the group consisting of acrylonitrile butadiene
styrene, blend of acrylonitrile butadiene styrene and
pol ycar bonat e, cel | ul osepropi onate, nethyl

CLgﬁiﬂgcrylate acrylonitrile butadiene styrene,
pol'yam de, thernopl astic pol yester, polycarbonate,
pol yoxynet hyl ene. 3. The conponent according to claim
1. 1A chmpbment fortarearigh agdamgpropeys sigh With an esiesipepuréace, wherein

transm.ssion of sound. 4. The c onent, .ac '
PEFRFST WRBEEI P EHE AR B SAaRB D oreCliavdelr
”aérgbaﬁbﬁ%ﬂwﬁomlﬁ@@euw@m@ﬁ pitch in the range from
5 crons to 1000 micCrons, preferably in the range of

5 mcrons to 50 mcrons. 5. The conponent according to

2. cTlaé eamiponghteacepidingtie cbipek Mdreraliy feakab qomprisss appaterial
cont of .at 50: % g : 9 :
TR0t o B ST Ko LR bl Eimpnb i &
Pﬁ@yllolﬁitlﬁlg randiak seyrbeumidi] yartoastengpllubossprepionate, methyl

aceplate, a grid, a hgok, a lid, a batter rawer .. a

DEERGRY a5 2oty PR s s spiene. RBRBES bl Ry RET
a, GOSRONEH 1S b@&aldnpg aid, conprising providing a
sfag mn@ﬁ'apngg?%gtrgctured surface, and treating the
m crostructured surface with a noisture repell ant

3. n@h¢ eomp@entTinsordinghisc-lzier braving 2 throgphigeing onrRBEdPh
the slab is adapted to.provide one of a housing, a
CB?WWSFeEaQﬂ%§PBn89?§%8p|ate, agrid, a hook, alid, a
battery drawer, a

4. The component according to claim 1, wherein the exterior surface has a K

microstructure with an average pitch in the range from 5 microns to 1000 microns,

preferably in the range of 5 microns to 50 microns.

5. The component according to claim 1, wherein the exterior surface has an air content

of at least 50 %, preferably at least 60 %.

6. The component according to claim 1, adapted for providing one of a housing, a
casing, a shell, a faceplate, a grid, a hook, a lid, a battery drawer, a button, or a

manipulator.

7. A method of manufacturing a component for a hearing aid, comprising providing a
slab with a microstructured surface, and treating the microstructured surface with a

moisture repellant matter.

8. The method according to claim 7, 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.
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button, or a manipul ator.9. The nmethod according to
claim7, wherein the step of providing the slab with

WO b@sosspDst ruct ured surface conprises injectiBOT/DK2007/000002
mol ding in a die, which die ;has been mcrostnctured at
an inside. 10. The nethod according to claim?9,
wherein the mcrostructuring of the die inside has
been achi eved by one of l|aser drilling, etching, or.

9. sbhe ethod acensding ta tlaimife wheteliodie o of @raviding tha Yatmvith the

wher ei h f pr.ovi.di he, sl 1 he
el S SorRES iorl B ISR b YR diegs been
sHfidra@fucirédattanl iasigé. sel eceted fromthe group

conprising a CO2 laser, a solid state |aser, a

pi cosecond | aser and a fentosecond | aser. 12. The, K . .
10mEhnBgthed cerairing te sladmah mh?r,elw%é PEFTesHpEudRS Bl @5 die inside has

PV di .-t ah 1L 08t HAL ddBdesur f ace
cg%}ra?g%geérgﬁaﬁégﬁﬁﬁrtﬁgngﬁfanﬁ&by si)n SLA techni que,
and subsequently providing mcrostructuring of the

11bThaknethadfagcerding ta cltmtyo whewirethe stepfof providiag ghetlpb with the

consistin f laser pr.ocessin et ¢hi ng_and.

PR ROAGHY cr B RS oot ane B RAdVich adpegy slpocted
t erofil thk grolip C‘M’rg)ﬁ@irig 4 06, Bk@pa edlid steratidseg atpi€second laser and a
m crostructured surface with a noisture repell ant

négnptesecepdseises gas phase deposition using a sil ane,
preferebly a perfluoroal kyl silane or an al kyl sil ane.

12. The method according to claim 7, 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 by a method selected
from the group consisting of laser processing, etching and electrochemical

processing.

13. The method according to claim 7, wherein the step of treating the microstructured
surface with a moisture repellant matter comprises gas phase deposition using a

silane, preferebly a perfluoroalkylsilane or an alkylsilane.



