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FILTER FOR A HEARI NG Al D AND A HEARI NG AI D FI ELD OF
THE | NVENTI ON The present invention relates to
heari ng aids. The invention, nore specifically,
relates to a filter for a hearing aid. 5 BACKGROUND
OF THE INVENTION I n the ear (UITE) hearing aids
generally conprise a shell, which anatom cally
duplicates the relevant part of the user's ear canal.
A receiver is placed in the shell in comunication
WL TERFORCAUEE ARINOGIAIE: ADDY A [HEARMN@AIEX t he proxi mal
end, i.e. the end of the shell intended to be
situated in. t anal close to the tynpanic
ﬁgﬂﬂ?gﬁg?hﬂﬂgﬂﬁgﬁﬁipi| end of the shell, i.e. the
opposite end, intended to be oriented towards the

FHE pRUAA T AGRtion ﬁelﬁk@ﬁﬁ@aﬁﬂ%ﬁdﬁ.@ﬁﬁhﬁ:ﬁoﬁ,ﬁﬁ&%&?%ﬁ%ﬂy, relates
connected to the receiver by |eads. The faceplate
wubfikednbi hedrimgaripor at es a ni crophone, el ectronics, a
battery conmpartnent and a hinged Iid. The m crophone

j | t ior though a port, which
%ggﬂgggére gﬁégﬁgggﬁaﬁfgﬁgmereas an | TE hearing aid

may be regarded as an earpiece integrating all parts
of tha ehe@TEylgeaging aids deatralig comprisar sheBTEichenstomipally duplicates

conprises a haqusi hg adapted, for.resting.over .

(e AV SN DER ! (aHoth T S e SR e ghdlin

LoRAuhicqod ‘ﬁ‘f’[ﬂ g.{'llaf:‘mﬁgﬁ Oﬁﬂ&?ort% ah&1 MRS prdkina @hd1iROthe end of
e desire tic ou I n

to convey t acou put o the ear
tharshel] infineleé iy b sitwiddsin dlonene comd close tanibe BEpdndumicmgrane. The

) it [ it th
AielraEehogial e e pbresTp Eanteidrdr PR GRS v rdniig
ﬁﬁr&iﬁﬁﬁ%&, iPBloked B a ERBYAW SiBadsBBbISOetHAcEBd Rhe receiver by leads.
WO Al- 00/ 03561 provides an in-the-ear hearing aid

Fhe fastplatelsebassonblyi iscaperies apwietophang elscieenied adgHemst

contam nation,b 'y b n . eqar .
GAPSATM ARk T T PTRRED S SR 0, BB ior v
k p6rt PRhich hrydok &@libyeraridihe earwax guard conprises an

essentially tubular elenent with a through-going

cavity and an abutment 25 collar in one end for
Yhisrean gn AbGhswine aid mavde ragerdedds Breameceaigierage gl parts of a

3508 J LB s RSB by b S beommrisry g g pgted for rosine

- shatise pinneaf thaxsguanddnfear piacchatmpted oinskrtionintd tHeaesr canal of the

%eeggp %qor\ﬁxggﬁ(g F(}%‘%gz t eggt%)s:lrgg Eil(?o%%jtig ogtE)ut 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.

WO-A1-00/03561 provides an in-the-ear hearing aid wherein the acoustic outlet port is
protected against contamination by earwax by means of an earwax guard, which is
inserted in port. An elastic hose connects the port to a receiver. The earwax guard
comprises an essentially tubular element with a through-going cavity and an abutment

collar in one end for sealing abutment against an edge of the liearing aid housing

adjacent the port.

EP-A2-1432285 shows a method for hydrophobic coating of components for a hearing
aid, such as for the battery lid, the battery compartment, the housing or a switch.
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EP- A2- 1458217 shows an acoustic filter of a hearing

i nstrunent, detachably placed nearby or at the
WOR0e8M023855f or t he acoustic ou:}gut of the instr UMEMPK2006/000470

The filtering element 5 is de of a pol ymer

material, a synthetic, netallic or ceramc materi al

or a fabric-like material. EP-A2-1432285 provides a

Dm]Lhmtobmmg ROV I BareRR LBl fof a Rel1BAY dil WAL hAbeen
ggose of preventing entry of moisture into

pr@w ampteophebit aybiodimtinkibiingsioadne. US- 3354022

provi des a water-repell ant surface having high and

i R PG PR MBI 398l Ah ANGER ARG il o

I ons O not nore than ons an

nehltbygiﬂ it e opeghg Perthe acsusté oafput efthe ifdtrdmehiTFhe lfllItErmg element
. average d| st ance between thenm and having an air
is pade eht Pelymar matesial, agonthetiqactallic o SepEAE materipher a fabric-like
ace is determ ned by taking an imaginary plane
paral lel to the surface passing through the tops of

the high portions of the surface and neasuring at
ER- AB&%EMpmh@epemmmch@m hyfirophebit coatingaiafheernd &id for the

d.with
pofeR P ol el liror Maa it e R Ghe s opPRRechr MriuGoe:
degrees. These surfaces are highly water repell ant.

USASB D20 @oBAdds dowant-egrllantdarfacehd vl hisk ah@Bsv boiens with an
transport or enptying of hydrophilic |iguids, which
average distapegb Prtafp%algarp@a%%mé nehiforg ban 400Y wicranspnd an average

holgfE bfeh Borlop Gl 8 1chet O P L g B S B il ol Bl figm: and
haivmgghtalra:foneat of atdeaze 60 &.ddes aetontemn oDthe sarfateli determined by
d h b b
I SRR 1 SIS OSSR UEP SRRk i
oiﬂ}ﬁﬁ ok 8 sufth& ﬁrﬂfm@ﬁunﬁg r&@ﬁué’fﬂaﬁe Hﬁ%rcteﬁﬁ @ of thedotal stffface
earwax or noisture entering the port. The earwax

aIEWHthIS]h iy Thcemfmeamydve ¢qateday1ﬂme selid haemg awater kentact angle
) . o
or §ates Pyl RS PHRESshs e Dol SEeHRel T ool ¢

is that the port clogs and baffles the acoustic

WOUA 053415 prvideen ibvige fotithe Idss-fise Grasdpafidalethppyiag b ce
to fit the output port wth a replaceabl e earwax

hygdrophiic ligyidsewhich.deyicshas rases asepsand saylies prothesidedfacing the
d, thef ! Bhdeithe cﬁﬁ& @%

hqg{e\r’\%}éeﬂ ét%perer?ln ttlgdrllge e£p§§ é@%@%%ﬁﬂ%ﬂﬁ@ﬁn&fons and
theelzaigiehof gaid ralsevhyreabetiveered fl emtli 106 nmoroasytande]heyramed\ams being
hé%ge@try of noisture. WO

YoBBPYS5355PCT/ DK2006/ 000470 3
With a heating aid or an ear piece having an output port inserted into the ear canal of a
user there is a risk of earwax or moisture entering the port. The earwax may slowly
accumulate or it may be driven into the port by the manipulation of inserting the
hearing aid or the ear piece into the ear canal. The result is that the port clogs and
baffles the acoustic output. For preventing this i is a standard practice to fit the output
port with a replaceable earwax guard. The earwax guard incorporates baffles or a grid
for establishing a barrier against the entry of earwax while permitting the passage of

sound. The earwax guard may not be effective to entirely prevent the entry of moisture.
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The earwax may accunul ate on the earwax guard. Once
t he earwaxguard has been clogged, it is renoved and
WO 28p8/@8%§ by a new one. As far as pertains thePCI/DK2006/000470
m crophone port, there may al so be a risk of entry of
noi sture and earwax, although there may be |ess
exposure to earwax as the m crophone port 5 faces the

The UaivasNdhy Sufndt e bn tHaarvhe geal. OaRdhe eﬁ“&k%i?arms B&n

provi ded, although it may not be effective f
clogged. deisireRowgandgeplaeas sha pgw ehe.npi sture. Wth a
hearing aid fitted with a earwaxguard adapted for

[ ' t he, earwax guar
AR RN he ARl bol el By aBGbe p MoK SEGURY o PHIure
andvedrivan] alttioagh thefgmay be tess RRpostirdio dafwiCasthe shi€ropRsndisbrt
repl acenent. avail ahl e. When using the hearing aid 1 i
facgs thecuropplingsiathse thigdheicanranal. Asrid mpyRe providedwelfbough it
m | | i s ly into the
U DY SRR ool MBS bR Y or ane or
it may accunul ate on the integral acoustic filter, if
Wigh ebearing dithGttedywithra sghwaxgaapbadaptedifhecasy removalythem is the risk

n ef f Y .. (1 f it open for . . . .
ol P i el Gongally s foptrhilioe, BB Fem s g vidhgi insgrting a
new 0004 £.\if Be6:Vdhe aR6 Félacent BYAlaWieNWih $RHERDhArRE aid

.replacement 15 of the receiver. It is estimted tha
withowihe parytex pyard thereds asisk of eerwas sntesiogideepen éntp ithrhose and
I: S r X or | St U

WAy o el SRS R b e RN i il oy
accgrtvdate ah tlacintegtdl achistit diitee,dfrplcsan! B oAk 18ighCBapphA if the
acoustic filter nornal l}%#ser ves to correct acoustic

CAYPK P4 RAROL PHECTHE e bF-JE 1 Was PSR SRfdtenetrationiaf icaryeic I either
casBythd BaRbHeNda ReAHSEHEcé 8%&9%11 Smg)}]wﬁg Hisgs%ﬁﬁﬁw %eglacement
r shap?ng.the freq

resonance peaks or othe se 2 uency
of the spinss. It Bretisetpdshata major propouidn dfeetvidel issues whth Hehring

..part ar. rece r in order to.provide a
Mdgﬁﬁeﬁegictpﬁ?e g%leer?ﬁ‘lv% Pﬁ@?f%ﬁé‘ﬁo I%&@Jtﬁft PRoust i c

energy. For logistic reasons it would be easier if a

 Providingl tede@avetantiospéde@aldddube: HBQEohpEicabd Idggs’ﬁ§§. M acoustic

hearing aids. However, a_standard earwax guar o
tﬁé&%@@ﬂy PeIyeigsonget areustia aretacts of tharespiziere An doqussicddter
t Si [ rt the desired .
woll oy BeaBRY Rof A ISt bl TS Sfevse
shapingithe fngudncy ogspoie. Thé besustie fillgr mosiustthitatd Yo the particular
transparent runs agaj nst the consideration of the
Teceives 10,0rger do PBQVHS‘: 2 FpUSFACEIY isDepipg Mithapingpaalilpssiof agpugtic energy.
and noi sture. Therefore general earwax guards may not
FollBeifié Rebonar /8n1dNc4RE MOt EShYx '
o L oasonidt wEhlde RAsTeL SharlRbdidHeSised for all
types of hearing aids. However, a standard earwax guard necessarily must be

acoustically transparent in order not to absorb energy and possibly distort the desired
acoustic output in a non-controlled way. The requirement for the filter being
acoustically transparent runs against the consideration of the filter providing an

effective barrier against earwax and moisture. Therefore general earwax guards may

- not be effective for preventing the entry of moisture.

SUMMARY OF THE INVENTION



4 In accordance with a first aspect of the present

invention, there is provided a hearing aid conprising

a receiver, an output port, a conduit for conveying

sound to the port and a barrier element adapted for

baffling entry of ear wax and noi sture and for being

acoustically transparent, whékein the barrier el enent

conprises a slab with an exterior surface that has

been m crostructured and surface coated by nol ecul ar-

vapor deposition with a noisture repellant matter- in

BUGRoAaf@YiBSa fif@t ARK& of B pBdsbitasensitn eherd sdfroRbald Kearing aid

and wherein the barrier elenent has a nunber of

CAMP iR GESFAYET BT QEPULDRE, HGORMBIE & cansyingaerdip theport and 2
ar.es .bein ] al :

B R b P ey B B AR e SR Lo beine

&iidaRe ransparehin whbrirr the barpieoglentitesmagseis astabtwith an exterior
entry of earwax.and npisture with superio oust i ..

it I Do i ey M | BHSHH A Ag LY LGP Lapor flgngsition
B 2 SR WES rSpeRRst Bittet In @R a Ry Ak EAn@esthé Bures kg hyddphobic,

the earwax guard to provide an extra |ine of defense.
Aecohaéin ghe ey cdamrsdhapsumben el thequghneomgdrisst the digmgter d of
nu of thr - 0] t he di aneter d of
%aacg?{?%hp PPRE bﬁ%#gglaggr:tﬂ% is}jr?raﬁ?reop S't han 100 m crons. In
the context of circular openings the dianeter is well
now. 1n case, of. DOLES,M b RaRRR ekt i Sh®iies superior barrier
ﬁé%??“o?i’é"’l‘ﬁea %?%’I#t%‘? )gis%g)nat es tnge | 'ar gest Pm o
&b sSREinsOMe chfy dfeapsapaml mdesturo path supsTiLACOUSLC properties.
~“conveying the sound, The sWMall,K size of the: ?gore%e od in
The daier elerhent praysbey &Y iptadhe e@i&’éﬁﬁb‘f”ﬁg"-‘t Cap, be amang
embodi npnt , _t he BhirE RN Ress@ Sl ab with
SEese nﬁemr@“%@e{aﬁ{rﬂ‘ghgﬁ%erl or surface being

surface coated by nolecul ar vapor deposition with a_
ABRbdiny 18 snepeotantnt bt berier Slenteabhas anumber of threugh-going pores,

si l-anes such as perfl uorpal kyl si.l anes .
thet diepeter Kanfesch vhaespersh bang maltes APP risrops ddhe eqptet of
the surface by Ei{@?&éﬂ i?m@pm&e.mpmagé 8K poigs QHilSnécitdidar cross
& on

R o e surface, formng a self assenbl ed

sEcPiBAs fyeliahSdNesighates ti largesteross-seetbudi nent , t he
barrier el enment -conprises a slab with an exterior

face that .has,been microstructured. —The.i -
TRewpordh Browiie; Gapnini, o conpg g 1t B, ThRSr i 89L A She pores
pl%qpayﬁ,,%spaggg%?\q@hg{dsy epel | ant properties.” The term
ext er

I'or- surface 1s here used to designate a surface
i nt ended for general I%-gf aci ng the environnmen

- Aeadrdinigom 4membediteat,i thy barer %@m@tﬁm%aéi%ﬂth% exierior

- intended to face inner s ' i Cho: .
st o ie0er Aashota neLe PO PREF T fu feposkton vith o
mfo'tsfuirﬁ erleih e SRALHIE SuieRoara Silisizach aaperfinsioalkglsilanes or
to the general user. This elimnates the isg of the

alkpitilres eThersilineg eare ichgmically attaghed; 9ethe kﬂ“ffri';% % £gastip petween

nore costly internal parts. Ac '
hydrpeH EFSE on i SIREAER G0 108 Fortaéd ﬁ"g&%‘l‘o%] f sf1f aldmb led monolayer

(S%fi\‘}fgs“ cally downstream of the bather elenent This
plraCes the earwax guard first in line to coll ect

earwax, which is advantageous as it is the e rt .
Ateprdiapl tacan embodiment, the bg:rier element comprises a sﬁﬂsaywﬁﬁ 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

berd

environment exterior to the hearing aid, as opposed to a surface intended to face inner

parts of the hearing aid.



According to an enbodi nent, the acoustic filter is
arranged acoustically upstream of the bather el enent
Her eby the bat her el enment does not interfere with the
i ntended function of the acoustic filter. In
accordance with a second aspect of the present
invention, ‘there is providiad a barrier elenment for a
hearing aid conprising a slab having an exterior
surface and through-goi ng openings for transverse
transm ssion of sound, wherein the first surface has
RESRGiHE ] ASLENShMERN R rRHCloamar s Gated insde thobaighgso as © be
vapor deposition wth a noisture repeé#gg natp§r LD ettin

s aeBssiblesy thasenaalmke Thiselimipatatbe sgpet U ;ﬁ?a’f”&bﬁ pcgt settmg
and wherein the through-goi [f}gS conpri ses

{0 e sy RERlRCi oG TR Er S RO ey ¢ han 200

m crons. Wthin the present context surfaces

exhi biting a contact angle to water exceeding 120 are
termed super-hydrophobic.. Suitable surfaces may be.
produced by sel ecting appropriate materials and
providing a mcro-surface structure with a high air
content Still other enbodi ments of the present
invention will beconme apparent to those skilled in
the art fromthe foll ow ng description wherein the
exanpl-e enbodi nents will be explained in greater
detail. BRI EF DESCRI PTI ON OF THE DRAW NGS By way of
exanpl e, there is shown and described a preferred
enbodi ment of this invention. As will be realized,

the invention is capable of other different

enbodi ments, and its several details are capable of "
nodi fication in various, obvious aspects all wthout
departing fromthe invention. Accordingly, the

drawi ngs and descriptions will be regarded as
illustrative in nature and not as restrictive. In the
draw ngs: Fig. 1 shows a hearing aid; 5a Fig. 2
shows a section. through part of the hearing aid

i ncludi ng the output port and a bat her el enent
according to a first enbodi nent of the invention;

Fig. 3 shows a section through part of the hearing
aid including the sound output port and two bat her

el enents according to -a first and a second ‘enbodi ment
of the invention WD 2008/ 025355PCT/ D1C2006/ 000470 6

4



Fig. 4 shows a section through part of the hearing

aid including the sound inlet port; Fig. 5 shows a
section of a droplet on a surface exhibiting a smal
contact angle; Fig. 6 shows a section of a droplet on
a surface exhibiting a | arge contact angl e; Fig. 7
shows a plan view of the bar fi er el enent according to
an enbodi nrent of the 5invention; and Fig. 8 shows a
section in a barrier elenent according to another
enmbodi nent of the invention. DETAILED DESCRIPg ON .
Redoeding teari entiodimentihd earwaxigogrd 11 thegorids aprpged arotsteally

forgshra ”2 g; gttt egrenh i LF sl lAgPi Lo Foollect
' ' d d

%‘W%s. e B o " Uoer ui th

t he sound out put port 7 facing the user's t ani c

Aeotting®. an:eaihmdema, the amwl%ﬁ ig grranggd aco jugstregm of

tg? é ex e i f y}lETT F’%B '@}Bg ;f' aé} v Lo ?tgsg, nH?@t@fer@wgﬁmé%tended

ﬁﬁéﬂéﬁtd}‘%@&oaﬁﬁtﬁl%nd out put segnment of hearl ng aid 1
" conprising a receiver body 19, |eads 22 for

“electrical connectlon a receiver stub 20, housing an

‘ 'EC&U&HE&E:&]M £Lecbkt asHRd %1% g%elﬁ nVeRE&h, Hdre &J?ded ] barrler

connects the recerver stu W th an aperture in
slhmbﬂlt' f2r a hdasing dieff dompsisinhe skb duavjng en pxt@rltpicsntfaﬁe and through-gomg

nsert

ohe Mttt e R o wand s BT g fhad

ﬁ&r@s@mm&d%a G fEe20atell b Mot ORar V4086 d@o@&ibn ndmlamadnsture
body 9 having a through-going bore 10 which
fsapianhmagerdn sachicr ey Hrie Meke ﬂtﬁ;ﬁﬂ%f#ﬁéapwdwhabiﬁ. ang wherein the

I
SR8 eyl L BRI S PR S 00
mfreorisnsert ed position abuts against an end wall part
“of the shell 2. The earwax guard 8 is frictionally
engaged with tube 13 by an_annular bead 38 on th

- Wihinrbe prea¢nt bortpxisusiacesi exhibifingespniast epglhtopwaien qxswdmg 120%

2 5 dur Lﬁg%?%é%ﬁ%f’@@ﬁﬁgu%blﬁ %6&%&5 gnay b\é\groduced by selecting

appropnate materials and providing a micro-surface structure with a high air content.

Still-other embodiments of the present invention will become apparent to those skilled
. inthe art from the following description wherein the example embodiments will be

‘explained in greater detail.
BRIEF DESCRIPTION OF THE DRAWINGS

By way of example, tﬁere is shown and described a preferfed embodiment of this
invention. As will be realized, tﬁe invention is capable of other different embodiments,
and its several details"aré capable of modification in various, obvious aspects all
without departing from the inveﬁtion. Accordingly, the drawings and descriptions will
be regarded as illustrative in nature and not as restrictive. In the drawings:

Fig.1 showsa heaiing aid;



When a quantity of earwax has accunul ated in the
earwax guard 8 to significantly reduce the sound
output fromthe receiver, the user renoves the earwax
guard 8 using an applicator (not shown) and repl aces
it with a new earwax guard. further details of the
earwax guard and the appllcator can be obtained from
WO A1-00/03561. 5 Fig. 3 illustrates the sound out put
segnent of hearing aid 1 including a bather el enent

di t d di
Fig o FBPH bFCIGPEREER SR e Bl REHENR Y AN pbR and 2
the pgeel &%eﬁ%@&r@ﬁlg% a&ﬁsﬂehﬂmﬁﬁ%t 3Bthe Tihention; ,

pr otection cap 4 conprises a recel ver protecti on

strainer 39 in a supporting ring 40Q. rotect
Figap Shbvesar seetioratbroughpaiof thshearig tid é?c-[?‘gng Fl%?tSQB’P P’ﬁtgut port

recei ver fromwax or ! 640 Ty g the
.enteﬁgfvﬁ%b m%?%mﬂ%%%ﬁﬂﬁgiaﬁ%r exg%%?g haé%en |entOf
the gaeM@n quard 8 falls out of the sound output port
7 during use of the hearing aid 1. Further, the
presence of the protection cap 14 is advantageous in
a situation where the user is out of earwax guards’
but still wants to use the hearing aid, or in case
the user sinply forgets to insert an earwax guard.
The protection cap 14 will thus mnimze the risk of
recei ver 15 malfunction as a consequence of intruding
earwax and sweat. Contrary to the repl aceabl e earwax
guard 8, the protection cap 14 is an interna
conmponent of the hearing aid and is thus inaccessible
to the user. Fig. 4 shows a sub-assenbly of hearing
aid 1, mainly consisting of an el ectronics nodul e 4,
a m crophone adaptor 41 and the lid 5. The m crophone
adaptor 41 20 conprises the sound inlet port 6,
partially covered by a m crophone grid 26, a sound
inlet conduit 25,.a mcrophone stub 24, a gasket 43,
a m crophone port 45, and a m crophone 23. The
m crophone adaptor 41 further includes a barrier
el ement according to a third enbodi nent of the
invention in the formof a m crophone protection
strainer 42, which is positioned in the vicinity of
the mcrophone 23. In fig. 4 25 the m crophone
protection strainer 42 is positioned just outside t he ,
m crophone stub 24. WO 2008/ 025355PCT/ D1C2006/ 000470
8 The strainer 11, the receiver protection strainer
39, and the m crophone protection strainer 42 have
surfaces which are nodified to exhibit inproved
bat her properties towards aqueous and oily
substances, as will be explained in greater detai
bel ow. The primary function of the barrier elenents
is to protect the receiver 19 and the 5 m crophone 23
frompotentially damagi ng intrusion of for exanple
earwax, water or sweat. In the present context
i nproved bat her properties towards aqueous and oily
subst ances
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means an inproved ability of the barrier el enent
surface to repel such substances. Generally, the
WHH0EPI55%0f a solid surface to repel a |iquid PCT/DK2006/000470
substance can be deternmined ¥n 10 terms of wetting.
One quantitative neasure of the wetting of a solid by
aliquidis the contact angle, which is defined
Figebmehowe alstatioashiohgh bt of thl heanay sidfiRdiGde e ound inlet port;
~liquid at the three-phase boundary where t%e l'iquid,
,gaSS and solid intersect. This is illustrated in fig.
Fig, 5 \ihpws gecchionof asropet atomsugtace srbitingra syallgomtact angle;
droplet on a nornmal untreated surface and 15 in fig.
5. . of .
B O B L BFice SRR o e act el
bel ow 90 indicate that the |liquid spreads out over
Fighke sbbwslaplinfvaee of theviinddr edesent abeording o en embediingnt of the
wet t-.h‘(;:n%ol,i d.d If the contact angle is greater than '
90 t He |aﬁ’ia&1 instead tends to formdroplets on the
solid surface and is said to exhibit a non-wetting
Fipethashows a 8ébtibn it hibsrrice eltmdt agyrdihg fcodrdoths ehibdtinidi® of the
| arger the contact angle, the better the ability of a
sur f &8N epel a specific substance. As indicated
in fig. 5 for untreated surfaces the contact angle
DEBANEDBHSICRIPTfONhan 90. It is well known in the art
to coat a solid wth a hydrophobic |ayer in order to
i ncrease the contact angle and thereby obtain a
Refgsereeiip Erst apde tefig. buvhisk 8lusBeicha heaingsid @ geverrllypgomprising

typi i pcrease the.contact angl e, of 2
B2 LRGeS, 4 3T SR R R R i Qb e
hehrigg aid 15t adupiad 1@l bePomitiohedin B8 aBditdr earfdll bf a@SerGhith the sound
certain materials will inprove the ability of the
oufif gpit 4|faging thegiser s Hirenamc ME@bEIEy subst ances. The

i nventors have further discovered that the

RAQERINRhER 'iTé?lfe_tétfir ust, g @'&r e éxhﬁgfgfé@{fg glg%(z){cgﬁ%iép&d use of a

significantly inproves rier pr
bagier £loent fGogrditg shibesnentomat er dropl et on a surface,
whi ch has been nodified according to the invention.

Fig Jopb OGRS TRT maa Pt e BR el € P Tpdoe  refeiver body

19/Rads 222fr BMcRicaDEtinBatdn) B rédeivRr §iubR0! Mbusig A odstic filter 21,
coating, the contact angle of water exceeds 145 for a

ang atphergr hese Fhtvdrirhfenmertidhotseeivaediuls 20 il aperture in the shell

[ St - hydroephobic. J1n

2, GRS oY B8, IR AR R 0P 1§ el
acahiding¢é e firs einbddirhdie ofrtid ihvatioah eel fol o bh 8irveet guard 8

syper -ol i ophobi ¢ surface characteristics, as Wwll )
whigtbprissh cuineliica] bodbrEhaing o Hirregh-svieE barerkd which is partially
Ol B Rl DY QB Solipe Sty St 1) PP GREREEALAE Ylnarica
bod8 isprovialed vathramundigoing @llar 44, erkdth in the adsestedipedition abuts

l.ateral .scal es that .are ch | arger an_15 )
ot ca e e st G T Gantirionbh coicasnally spgnged with
tulRSE3 Y ardirdubs bsd % BS theSBRBACITRLEY 05hd HOhUBS l-heIE*b}ﬁ position

upper limt for the lateral scale WmIl typically be

dutipg péeeofdhelbeario 2id1ni crons or |arger. The aspect
ratio is typically about 1:1 or |arger.
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The applied structure can be periodic, quasi-periodic
or randomwithin a certain spatial bandw dth. 20 The
WO988/028855bandwi dt h i s defined as the range of PCT/DK2006/000470
reci procal wavenunbers of the lateral scales of the
structure, the wavenunber being defined as the
reci procal value of the |ateral wavel ength of a
WS4 tPbff dapl Ak Ras &Bmatatmh%@ewaﬁg@m%otswcanﬂy
| east a part of the bather el enment surface. The

redyge theowusd puiguuicpmgheresgelyer, ks pssr razabvey the saowhegnasel 8 using

an ERRIARE oo FRERRLRolef i REhorRF AR AR B, PlyphotBotalsof
theNafwhit Fhdrti agd GeappliefoPian kesetSnsdBEMORD-AE-003EFH6l O

surface structuring are CO2 |asers, solid state
| asers, such as Nd: YAG picosecond | asers and

Y
Fig: & Hleertes ibe sauerautput pesmoem of o5 Fesidt imipdos APeuisr glement
acclapdiﬁ%?c% §§§c%ﬁii URpddintkd 38 ﬂfeqmréngi%h'iﬁ ﬁle%rcl? of a protection cap 14,

m cr no- el ectronics or m cro/ nanoel ectronechani ca
whiphsis emmimis] inghd reasivet svelb 2@ brin thg hose K. &bt peatbeitneab 14

co RS 8 bR PR 4 T oupne LSRRG iy S EEion cp
14 Baked B arPAdNRIHal BAERREHrotedCER télicn@r Front W8x bPWeLH: b for

as seen through a m croscope. The coating may be

soIppsiapeticnteisitee wbgd3. Phiaseayrfanoxample hagpepribhe serwakhgiard 8

r [ Q | yvi a ophobi ating to

fol BE 6 S sy P u Bl o P RRIE PG T o
presgncaldf Yhesprofnfion ca®t B ddeagtsgetiue 1f h sifilatiah head tha@iads out of

to the surface by reaction between hydroxy groups on
carpg gyprds bat gbwanis tousesthe haaing #idroriih gass theifer stpaply forgets

- a | I i al . - .
to BEIFARCEL THAC LR preiBhigho (1 STl e Ih D ot eceiver
malugcticanasaxgogestjuphasofdntriifiag phasneanidrseehtrent bot h acts

as a cleaning of the surface and as a way of making

Cofify I8 T eBlapeabe R g aueitr . s pleg Bommaliis & ptorna
cothpifint bk hbaid Al 2R NPMGS ab&RsibRABhidey, Of the

surface by 15 creating -.even nore hydroxy groups may
. then be deposited and preferably, a catalyst is added
Fig 6 shewiraseb-gusobiy pbhraging aithl.qatiakyi consistingef anmfpeironics

- N . | o t .
mofbfS n niBRERIRE gl 41 BRTES ' nE MR RIE 0 BRE 21
compuddes nigsssound inlkipdrhé, pasllysdavpredbysd hiv@ptione igHd 26, a sound
. .reacted with the activated surface with_or wthout
inls G AL P m&mionpﬁ%%%sjgﬁkea%@twmhop@ pPaddedands
mid?bMMEHe39 4RO MiddoBRoRY adaPfor 3t lfAGer includes a barrier element

according to a third embodiment of the invention in the form of a microphone

protection strainer 42, which is positioned in the vicinity of the microphone 23. In fig. 4

the microphone protection strainer 42 is positioned just outside the microphone stub 24.



10

15

20

25

WO 2008/ 025355PCT/ DK2006/ 000470 11 Both sil ane and

adhesion | ayer are preferably deposited using a vapor
wOptegiesssSact i on schene. Preferably, the equi prRCER/DK2006/000470

so designed as to have a redction chanmber and

separate reservoirs containing the different

chem stries used (silane, adhesion |ayer precursor

TheRBaideC B, %&&F%ivé?h&cﬁ@rﬂﬁfﬁn&'%?m e lzhlii]i@ﬁ) hEhOPRoRREHn

reservoir, we defi ned amounts of the different

strginend-Shaviesyriaces vehiglpareanedifiedhtoeshiibimeproyed basrier properties

BT Rt RATRLY ShRebCS. K00 vd S BhELLehP] Gl Botow. The

privipP fiin¢abh B the AR felententstio ¢ prbtect R 166 NACIY Qidthe
bet ween_each reservoir and the vaporization chanber

migreghens Zbampaeniishy damagings inteustondfonpramapie capv: Walgr or
Swﬁﬁgnber are controlled by valves. The reservoirs and
e transfer lines may be heated if necessary in
order to pronote vaporization and to avoid
In tderpeseatontextiimptdved bamies prpettien ésvards sgieotk end oily substances

reaction ch e .hegted. The systemi s
A A B et e e
Geh8A0Y) 188 2By e solld AABESTo fepO18SHERY sHRPRICE €& bOBetermined in

chanber. Thereafter, the punping action is halted and

termiy@f Btgtunds in the reservoirs are allowed to
evaporate into the vaporization 15 chanber. Once the

re- . ' . ri z.atd on. '

Ouf'f i 3 ot e WAL Aol Y RAIDEE clfect angle,
whidhaisidefindaly geeidtdealigfastiheinpres supke foirhédbe atiquidett dechree-

t he vapori zati on _chamber and_the reaction chanber .
Ph%ﬁqgwa&r@ aderoiedigai. ges wWhaolidiniarseste Thisde tlustated in fig. 5,

! N

R Bt e BT & ok AR oL W o uface and
in ., twhe00.Oti¢retesgths cpitastan glepd si witendreplee o 8 nmalifidabsurface.

used, but the setup described above has the advantage

t ha as ctivatio eposi ti.on. of adhesjon |.ayer.
Coblit fei iR FIony Sph BRGFEREP i LB or g it Sty il
surFAEEN QHEHIEMRS thel Iuadisad DBt dhd %Al Frihe @cﬁxﬁa&t@hgiﬂ i\ Qreater

need for user intervention between the individual
thagtA90 she lquid instong tendsite forpy deplets eothe selid sydacetand is said to
I-ni chem cal substances into the
e@@%?&%ﬁ%@ﬁ%ﬁ@@?ﬂgﬁd 25 the control over the total
pressure in the reaction chanber are advantageous in
In thiderminolagytiafalloavsghatdhalasgdr the afmtdchengloahé bettdrahdability of a
ith respect to structure and surface_hinding.
suskicedp e § éP%F}f?%ﬂbéPa%?- M&geﬁ% 12oh IPhEntaRdeufaces the
contit aRBleRS hbRRAIB ek thhh G6H. & i3 WM kB Yn'th iRk 58 f S solid with a
deposi'ti on steps as previously described. The gas
hydxepkebid dgyesin drder fodncrbasndheeconiadt engle ahé thereby obtain a moisture

rer filar S35 STohh o CessdiraEn L BOTur S ot B B anet o
waRQ 08 4QRE3 T FRGBHRK2006/ 000470 12
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Al so, polynerization of the silane in the liquid
phase produces by-products that may only be deposited

woans®2s358 surface via physical adsorption and REIG¥YDK2006/000470

chenical binding, resulting%n both lowquality
coatings and in irreproduci ble coating thicknesses.
The structuring and/ or coating can be applied to the
ThE m\}eﬁforé"ﬁéfv@‘?iisc%lv%ﬁ hat %%&E&ﬁ?al Hodificatiof BF tR&uARRY b€ %rtain
to a part of it. A controlled structuring of at |east
maaermm wilbiimpirtree thierabiity of thetrhaeriaine dipet syueous mid gilyofubstances.

5 B S U SRR B i
anci‘@d’dﬁﬁg s fRoahaY iRbroves B%i%r ngeﬂﬁf@k Gf'tHe%uﬁ‘hééJ Fig" 6&Hows a

and coated according to an enbodi ment of
watendeopl¢tom. a spkece.whigh bas heealxmthﬁ@rbaqczéhng)w '@e invention. The

incRghiE Enf P e 5t R B A Bl BERAE v 0

’ surfes hlediied b3 catbikatidriéity SRicRmtgtand adoatihglthe cbhtacfangle of

a@grt of the surface is further_provided with a

gkeasds 345° fopa veHela! materals. s obtained yElare ehegacigistics may
f r

bo {ineflsul i 5BlopBLRY LiPacdhitied B it WF-EPliophotiE Siface
chq:raxttymﬂics,ahb nmﬂd‘ﬁdm}a‘enels(c'ﬁmﬁﬂtadrs@pér}ohmwnccsmfam with

a fentosecon er . coI dth at the bottom
ch AT o kAl St B B dolrin o o o' oout

40 m crons. Each colum had a mcrostructure ,
The BReTatRsheAY surlRe 2 dRtit B0n Wi GOFShe IMIESHed i% more detail

non-thermal. This ensures that surface tension does
begipring vwith the swidacs stfusaisingocal | y. Typical fill factors

are below 50% The fill factor is defined as the

[

Thé e sithcubfip WDl Y E8 bitdardrtdoalels il iinbéh Taier than
chiragteristic Biwes doredtage ahd smleqoaipsrs wellss TOOzmiNS o2 Othichsub-

ulse repetition rate wa 6k t he opt.ica
?re%%lewr%a;ﬂoﬁ? YIBP?Fer% ‘hng‘ﬁ%ll Sgélemp ihww Basig the order
t
ofi@mléang &01 qﬂéhs%@%ltgg?% gg%ﬁwaam ii-*ig# 1a¢er e

degrees to out 15 S "observe
processi ng, mhlch i ncl uded the coating. Equival ent
The rpplicdrémeiraeanebppariagicrguasiipetiogio oy exmidpewishin a certain spatial

l ex(r), available from DEXPl astomnmers v.o.f.
v,

The Net herl ands). The average | aser povver
was 50 25 MmN An even nore dramatic change in contact

Thasgitial basiwitiher definedagie ramge bf raatprodad wivesanisiresf the lateral
have al so been performed with e%@l val ent results. The
scalgpcf Abestructiue. the wetvepprabsrbeing defingd as Brpgeqipyocal value of the

latéépﬁﬁvéﬁi#tﬁ ofll p‘\%\ﬁﬁ?‘cﬁk ; ﬁ%&t@o ol PRAQMC ? Ysg%ﬁiggé (t)&? Qﬂalgz{s@E B8kt of

in conjunction rimation o
thechaan@tedemaft sBFfasd. cr ons have produced simlar results.
WD 2008/ 025355PCT/ D1( 2006/ 000470 13

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

lasers, such as Nd:YAG, picosecond lasers and femtosecond lasers.



10

15

20

Contact angl es obtained for water and olive oil on

different surfaces -are displayed in the bel ow tabl es.
WOQ0PR/25375| can be regarded as a represent ati veP@I/DK2006/000470

li quid earwax. The cl ean surfaces have undergone

oxygen plasma treatnment for 10 m nutes. The

structured surfaces were created by a fentosecond

Prb@s&ds udbd i the MBMEARROSI MRk o/F 4S8 tonfRGbralicAi/Aa®- Peak
hei ghts of 25 microns. The surfaces were coated by

elespmgchamical systomscspedl] a3 ether erelingonelectmehericah prgicesses can
. .Wtbs , Itleaii.,..1,... iiiilfa6l 4.:::-
dsfo?nreﬁ\ﬂ?#%. jaturo atiffackg..1l:;-: -- :z:Coat-41.:C.,"
silifiee'O3 i'ed iiicteciates4 Steel 85 -az 5 555
Refdiblice is made to fig. 7 for an example of a laser structured barrier element surface

according to the invention as seen through a microscope.

The coating may be applied using a gas phase nano-coating process. The process is
based on applying a hydrophobic cbating to a surface using silanes such as

7 perﬂuoroalkylsilaﬁes 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.

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 infroduction of hydroxy groups into the surface.

Preferably, an adhesion layer that further enhances the reactivity of the surfacé by
creating even more hydroxy groups may then be deposited and preferably, a catalyst is
added to prombte 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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Both silane and adhesion layer are preferably deposited using a vapor phase reaction
scheme. Preferably, the equipment is so designed as to have a réaction chamber and
separate.reservoirs containing 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 1o avoid condensation in the

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

The system is initially pumped so as to keep a low pressure in the reaction chamber,
transfer linés 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 ihe vaporization chamber is reached the vapor is
injected into the reaction chambei" _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 éhamber 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
cont:rbl 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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150 5 PE (Stanylex) 90 -i- 5 125 5 115 5 160 5
t?EP (Teflon(r)- like) 120 5 155 5 115 5 160 5

WORIH/ESPS Cont act angles for olive oil Substr aR@I/DK2006/000470
Cked & speel |, :. 12 :

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.

The structuring and/or coating can be applied to the entire barrier element 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.

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 sﬁuare—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 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 polytetrafluoroethylene (Teflon®) was
produced with a femtosecond laser. The column width at the bottom was approximately
40 microns and the spacing about 40 microns. Each column had a microstructure
generated by the ablation process, which is non-thermal. This ensures that surface-
tension does not smooth the surface locally. Typical fill factors are below 50%. The fill
factdr is defined as the ration of the amount 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 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 1n this case 275 mW. Experiments on steel with random structures
generated in conjunction with the formation of pores of a diameter of 80 microns have

produced similar results.
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Contact angles obtained for water and olive oil on different surfaces are displayed in

the below tables. Olive oil can be regarded as a representative of liguid earwax.

The clean surfaces have undergone oxygen plasma treatment for 10 minutes. The
structured surfaces were created by a femtosecond 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

= PStructured”  [#Coated T el T
5| giintmeniey o | snittacs @) | Strugtiived dud coated surface ) ;
Steel 55+5 - 1155 1555
Glass 1025 1155 1505
Polyimide <13 11545 160 %5
PET 125 +3 115+5 1505
PE (Stamyleé) 125%5 1155 160 x5
FEP (Tedlon™ 155£5 1155 160 =5
like})

Table 2. Contact angles for olive oil
,,:_' - _ui":: T NN ' __:S‘!:l'ué‘gured;‘/i - ‘wm
| Substraic, . “Hsurpice (&)=
Steel -
PE (Stamylex) - - -

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-oliophobic.

The described surface modifications may be applied to a traditional earwax guard or
filter element, for example by embossing the material in the filter arca with a pre-
defined profile. Preferably, however, a perforated metal or polymer foil, which is
structurally modified and coated according to the above, is incorporated in a supporting
frame to obtain a barrier element according to the invention with improved
hydrophobic and oliophobic characteristics. This can be done, for example, by casting
the perforated foil in the supporting frame. Alternatively, laser welding, gluing, or other

suitable processes may be applied to incorporate the perforated foil.



PE (Stanylex) - 80 5 130 5 10 The | arge

relative increase in the contact angles for both
WOR08025353d ol i ve oil indicates that the nodifiREN/DK2006/000470

surfaces of the different néterials have becone

super - hydr ophobi ¢ as well as super-oliophobic. The

descri bed surface nodifications my be applied to a

. 1 t

oG8 %0 R RBHicERIoRU BB (L relbicb bt el /Bl

traﬁMp&antr’;lﬁmilgdBé dﬁﬁﬁlstlméﬁlsb ¢hat Rreedconsiol @amﬂnwess thastramer in
perforated netal qr polyner foi

thesE?lPYP@E freaiangy rsets EHAYM Solt- < %i@sfaﬁfa Pﬁﬁmb& bappéer clement

]gyvbﬁgtggggggiated in a supporting frame to
I'n a barri ér el ement according to the invention

Mﬁth i nproved hydrophobi ¢ and ol i ophobic
characteristics. This can be done, for exanple, by
casting 20 the perforated foil in the supporting
frame. Alternatively, |aser welding, gluing, or other
sui tabl e processes nay be applied to incorporate the
perforated foil. W) 2008/ 025355PCT/ DI C2006/ 000470
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requi renent of bei ng’acoust cal | yPCTADpA0OR/ vird —+ v 2o 2u «J08
nmust be di mensioned so that the acoustic danping
across the strainer in the relevant frequency range
is maxi mum 3 dB. An exanpl ¢5of such a barrier el enent
is found in WO A1-00/03561. 15 CLAIMS 1. A hearing
- aid conprising a receiver, an output port, a conduit
crLab®s conveying sound to the port and a barrier el enent
adapted for baffling entry of ear wax and noisture

1. Adsirihgraidedmprising astceivt) ap autmrigeat o sonduihir sonveying sound

barrier el enent conprises l.ah..wi th. an exteri .
e Betmotienkt s s SUBM Fpcied 207 P e Ry S e Bl paipee
2R FIPNR L sl rASRRGIt WBEre {hB bard¥P eFhidn comprises a slab
repellant matter in such a way as to nmake the surface

withpey sxtteriprophioe that hasdesn srierostresiaradandisuraes cautsiby

has nunber of ..t hr ough- goj [ [
el VAP CreislP ot A P P by bl Bl AR b Sy e o
28 khd\fricd sas@iydirdtthoble, sddivhrrbin thiedasisy eldmeerhd Abdwerumber
el ement has a nunber of thrqugh-gojng pojes, .th
ofthasghegoine prrasa iy diametaid pheah C%éhfh%"réﬁ%ﬂf’% smafler han 200
ﬂ%ﬁr@p@ crons. 3 The hearing aid according to claiml1,

i

n the barrier elenent is dinensioned so that
the acoustic danping across the elenent.in the

2. Thehearirg aifirecpnding torcuigel . véhergnibe baarieelgmenthas pagmber of

b An porcs il of peltllr e pUIFREHR P ALA T00

nf@Rpaccessible to the general 'user. 5. The hearing
aid according to claim1, conprising an earwax guard

in the port, arranged acousti cal downstream qf the
3. ThaBEGIS e ARGz o THERF R (PN B aR 1 dirgensioned so

- | Y b | id @i
i B cbusiP FR B MRl B Bk tn the Rl £RAREY s
rixdham 288rent for a hearing aid conprising a slab
havi ng an exterior surface and through-goi ng openi ngs

4. TR et E AR O] o Sk Bl YRR i imside o

caPidce Go R 1Bk 861 BsesMiBAb thie pariilimger.

.5, The hearing aid according to claim 1, corprising an earwax guard in the port,

arranged acoustically downstream of the barrier slement.

6. The hearing aid according to claim 1, comprising an acoustic filter arranged

acoustically upstream of the barrier element.

7. A barrier element for a hearing aid cormpudsing a slab having an exterior surface and

through—gaing opeuings for transverse transmission of sound, wherein the first
surface has been microstructured and surface coated by moleosular vapor deposition
with a moisture repellant meatter in such a way as to make the surface super-
hydrophobic, and wherein the throngh-going openings comprises potes sach having

a fdiameter d smaller than 200 microns.
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9.

5 10

25%i t h HIRBLEEUTR "EpiEatiaaat ter in such a WRCHEBK 2006/000 470,
‘o make the surfacegg%g‘er- hﬂ%r oprE’&bTHDKa'&Qﬂﬁﬁepe-?ﬁru”iu au ~J08
t he t hrough-goi ng openi ngs conpri ses pores each ‘
having a diameter d smaller than 200 m crons. 16 8.

The barrier elenent accordifig to claim 7, wherein the

t hr ough- goi ng openi ngs conpri ses pores each having a

di aneter d garotter than 100 microns. 9. The barrier

Tl DR &t dbdtgding 16 LR 7] whabeh eiethideehachfy dhings

surface has an air content of at |east 60 % 5 10.

compriges pares cxshdering sadizvpier A gmadler iban A0 migK®@Eei n t he
barrier element is dinensioned so that the acoustic

THRTRLES AR5 SehiBioE S TR 7, Qi B SHADN: AW BASH aie

content of at least 60 %.

The barrier slement according to claim 7, wherein the barrier element is
dimensioned so that the acoustic datmping across the element in the relevant
frequency ramge is maximum 3 dB.
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