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54) IN-THE-EAR HEARING AID WITH REDUCED OCCLUSION
EFFECT AND METHOD FOR THE PRODUCTION AND USER-

FITTING OF SUCH A HEARING AID

(57) L 1mnvention concerne une prothese auditive "intra-
conque" comprenant un obturateur (1), destine a étre
insere dans le conduit auditif externe et doté d 'une paroi
en forme de coque faisant face a I'intérieur du conduit
auditif externe, et une plaque frontale (2) exterieure.
L obturateur et la plaque frontale definissent ensemble
une cavite (3) gencralement fermee, dans laquelle sont
places les différents composants de la prothese auditive.
Une lhaison acoustique, sous la forme d’un flexible ou
d’un tube (13), est realisée entre un orifice (14) du cote
extérieur de la partiec de la paroi1 de 'obturateur (1)
faisant face a 1"'intérieur du conduit auditif externe et le
volume restant (12) de la cavite¢ imnterne de 1’obturateur
(1). Cette liaison acoustique forme avec le volume (12)
restant un circuit acoustique dont la fréquence de
resonance se situe approximativement dans la plage de
celle des premiers organes formateurs de sons vocaux de
["utilisateur. On obtient ains1 une reduction significative
de 1'effet d’occlusion d’une maniere simple dans une
prothese auditive.

I*I Industrie Canada  Industry Canada

(57) An 1n-the-ear hearing aid comprises a plug (1) for
arrangement 1n the ear channel and having a shell-like
wall facing the interior of the ear channel and an exterior
faceplate (2) which together define a generally closed
cavity (3), in which the individual components of the
hearing aid are arranged. An acoustical link 1n th form of
a hose or tube piece (13) 1s provided between an orifice
(14) at the external side of the part of the wall of the plug
(1) facing the interior of the ear channel and the residual
volume (12) of the internal cavity of the plug (1) and
forms together with said residual volume (12) an
approximated acoustical circuit having a resonance
frequency 1n the region of the first voice sound formants
of the user. Thereby a significantly reduces occlusion
effect can be obtained 1n a simple way 1n a completed
hearing aid.
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An in-the—ear hearing \ 2

aid comprises a plug (1)

for arrangement in the

ear channel and having a

shell-like wall facing the

interior of the ear channel ‘ l'

and an exterior faceplate

(2) which together define 4 v’

a generally closed cavity

(3), in which the individual | / /0
components of the hearing

aid are arranged. An /

acoustical link in th form of / 2 \ 6 //
a hose or tube piece (13) is

(14) at the external side of \\ 7
the part of the wall of the

plug (1) facing the interior “

of the ear channel and the \

residual volume (12) of the

internal cavity of the plug 13 s‘ 8
said residual volume (12) |
an approximated acoustical I 4
circuit having a resonance

frequency in the region of the first voice sound formants of the user. Thereby a significantly reduces occlusion effect can be obtained in a

provided between an orifice J B
(1) and forms together with
simple way in a completed hearing aid.
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Tn-the-ear hearing aid with reduced occlusicn effect

and a method for the producticn and user-fitting of

such a hearing aid

The present invention relates to a hearing aid for
arrangement in the ear, particularly completely i1nsice
rhe ear canal, comprising a plug for arrangement in the
ear canal and having a shell-like wall <facing the
interior of the ear canal and an outward faceplat
~which tcgether define a generally clcosed cavicty 1in
which are arranced an input transducer, such as a
microphone, for transforming external sounds i1nto an

electrical signal, a signal processor for prc

C
the signal prcduced by the ilnput transducer and rroduc-

ing a hearing-loss compensating electrical signali, andc

an output transducer for transforming the sicnal IZIrcm

In hearing alids of this type, so-callecd ccclus>on
sffacts often occur during use as a conseguence of the
~losure of the ear canal caused by the hearing aig,
which occlusion effects manifest themselves by the user
experiencing his or her voilce as dominant, ecause
voice sounds are transmitted through bones and tissue
to the residual volume which is located innermost 1n
rhe ear canal and is defined by the housing of tne
hearing aid and the eardrum. Furthermcre, changes 1in
rhe differential pressure between the air in this
confined volume and the atmosphere, for example when
rhe user is inside an ascending airplane, may give rise
to an unpleasant feeling, which can usually, however,
be counteracted by the user making jaw movements that
propagate to the ear «canal and create pressure-

equalizing leakages between the ear canal wall and the

hearing aid.
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To solve this problem it is well-known to provide
both hearing aids of the type stated and ear plugs for
conventional behind-the-ear hearing aids with a through-
going vent passage from the innermost end of the hearing
aid or the ear plug to the surroundings. Typically, such
a vent passage or vent is formed as a hose or a tube
extending through the hearing aid plug. However, this
measure 1s disadvantageous in that it often gives rise
to acoustical feedback because part of the sound
amplified by the hearing aid and produced in the ear
canal reaches the microphone of the hearing aid.

Some ear plugs without an integral hearing aid have
a cavity in the vent passage to remedy this problem. The
purpose of this design is to make the vent passage with
such intermediate cavity act like a low-pass filter to
damp the passage of high-frequency sounds and thus
reduce the tendency of acoustical feedback.

Solutions of this type are described, i.a., in the
following articles by John Macrae:

"A new kind of earmold vent - the high-cut cavity
vent"”, Hearing Instruments, vol. 32, No. 10, 1981, page
18 pp.,

"An improved version of the high-cut cavity vent",
Australian Journal of Audiology, 1981 3:2, pages 36 -
39,

"Venting without feedback - further development of
the high-cut cavity vent", Hearing Instruments, vol. 33,
No. 4, 1982, page 12 pp., and

"A damped high-cut cavity vent for profound hearing
loss"”, Australian Journal of Audiology, 1982 4:1, pages
22 - 25.

The vent systems discussed here for ear plugs
function as ordinary vent passages as well as acoustic

lJow-pass filters.
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For hearing aids of the type indicated above of the'
ITE design, corresponding vent systems are Known from,
i.a., CH-A-681,125, the cavity coupled in here being
constituted by the part of the cavity in the hearing aid
housing not taken up by electronic components.

US-A-5,195,139 further describes a hearing aid in
which, from a conventional vent passage formed by a
longitudinal canal through the wall or shell of the
hearing aid plug, an opening has been established into
a closed cavity in the hearing aid. The system functions
as a Helmholtz resonator, whereby transmission of
undesired frequencies through the vent passage is
damped. This i1s high-frequency damping in the range from
2.0 to 6.5 kHz., In addition to this filter characteris-
tic, the vent passage functions as an ordinary vent
passage.

Accordingly, it is an object of the invention to
provide a hearing aid of the type stated, in which a
significant damping of occlusion effects can be obtained
without the use of a conventional vent passage or vent
with the consequent problems in the form of manufactur-
ing and mounting complications, acoustical feedback,
etc.

For a hearing aid of the type stated, this is
obtained according to the invention in that an acousti-
cal link in the form of a hose or tube piece is provided
between an orifice at the external side of the part of
the wall of the plug facing the interior of the ear
canal and the residual volume of the internal cavity of
the plug and, together with said residual volume in the
cavity, forms an approximated acoustical circuit having
a resonance frequency in the region of the first voice
sound formants of the user.

By means o0f the invention, undesired occlusion
effects are damped through the increase of the residual
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volume constituted by the part of the cavity in the
hearing aid housing which 1is not taken up by the
electronic components of the hearing aid and produced
by said acoustical link in the interior of the ear canal
within the hearing aid, and this increase of volume is
made virtually larger at the resonance frequency of the
acoustical circuit. Through the increase 0of the residual
volume, the sound pressure o0f occlusion sounds 1is
reduced, since the surfaces that transmit the occlusion
sounds are not changed. Thereby the invention can damp
occlusion sounds both with and without a through-going
vent passage, as explained in detail below.

Formation of said approximated acoustical circuit
having a resonance frequency in the region of the first
voice sound formants of the user, typically in the
region from about 200 to about 800 Hz, causes a damping
of the otherwise bothering propagation of the user's
volice sounds.

According to one embodiment of the invention, a
certain softening of this damping may be obtained, if
desired, by a through-going vent passage or vent being
provided as well from said residual volume in the ear
canal to the surroundings.

The invention also relates to a method for the
production and user-fitting of a hearing aid of the type
stated, whereby a plug formed for arrangement in the ear
canal is manufactured with a substantially closed shell-
like wall facing the interior of the ear canal and an
outward faceplate which together define a generally
closed cavity in which are arranged an input transducer,
such as a microphone for transforming external sound
into an electrical signal, a signal processor for
processing the signal produced by the input transducer
and producing a hearing-loss compensating electrical

signal, and an output transducer for transforming the
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signal from the signal processor into a hearing-loss
compensating sound signal, as well as a power source,
such as a battery.

According to the invention, this method is
characterized in that an acoustical link in the form of
a hose or tube pice is provided between an orifice at
the external side of the part of the wall of the plug
facing the interior of the ear canal and the residual
volume of the internal cavity of the plug, which hose
or tube piece is tuned so that together with said
residual volume in the cavity it forms an approximated
acoustical circuit having a resonance frequency in the
region of the first voice sound formants of the user.

Thereby the occlusion-effect-reducing acoustical
link can be provided in a simple manner in a completed
hearing aid.

Advantageous embodiments and features of the
hearing aid and the method according to the invention
are indicated in the dependent claims 2 - 7 and 9 - 14.

The invention will now be explained in more detail
below with reference to the schematic drawing, in which

Fig. 1 shows an embodiment of a hearing aid
according to the invention in a CIC design, and

Fig. 2 provides graphical reproductions of the
sound pressure in a residual volume in the ear canal,
partly for a conventional, unvented CIC hearing aid,
partly for the hearing aid according to the invention
with reduced occlusion effect without and with a
through-going vent passage.

The hearing aid shown in Fig. 1 in a so-called CIC
design, i.e., for arrangement completely inside the ear
canal, comprises a preferably individually adapted plug
l with a shell-like wall defining an outward orifice,
at which a faceplate 2 is fastened to the plug 1, for
example by gluing.
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When such hearing aid 1is arranged 1in the ear
canal, a residual volume is left between the tapering
end of the plug 1 facing the interior of the ear canal
ané the eardrum, often giving rise tCo unpleasant
occlusion effects manifesting themselves 1n an amplifi-
cation of the user’s own voice, especially 1n the
region of the first voice sound £formant, Dbecause of
sound transmission to the residual volume through bcnss
and tissue.

In -he hearing aid of Fig. 1, which may suitacly
be constructed 1in a compact, meodular design as
described 1in the Applicant’s concurrent DK patent
application No. 0422/97, but 1is not limited thereto,
the wall of the plug 1 and the faceplate 2 togetier
define a cavity 3 in which, during use of the hearing
aid, are arranged a battery 4, a microphone part 5, 2
signal processing part 6 with the amplifier circuit cZ
the hearing aid, and a sound reproducer in the rorm oI
32 receiver 7, frcm which the sound i1s transmltted tC
rhe residual volume of the ear canal thrcugh a scund
exit orifice 8. Said components in the hearing aid are
supplied with electric power from terminals S on the
battery 4 and are in general interconnected via wire
connections 10 and 11.

Although said components take up some space 1n the
cavity 3, it will always have a free residual volume
12.

According to the invention, the above resicual
volume in the ear canal is connected with this residual
volume through an acoustical link in the form of a hose
or tube piece 13, which is connected to an orifice 14
at the external side of the part of the shell-like wall
of the plug 1 facing the interior of the ear canal.

Together with the residual volume 12 1in the plug
1, this hose or tube piece 13 forms an approximated

acoustical circuit having a resonance frequency 1n the
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ragion of the first voice sound formants of the user.
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Thecretically and 1i1ideally, the tuned acocustical

circult acts as an approximated Helmnoltz resocnator

according to the formula

by = cx (A/ (Lxv)) 97>,

S5 where

() .
0 is the angular frequency
c is the velocity of sound in air, akbcut 240 m/s,

A 1is the internal cross-sectional arsza o©if tnae

hose or tube piece 13 1n m2,
10 I, is the length of the hose or tube ri=ce 13 1in
m, and

V is the volume of the cavity 3 1in m3,

resulting in the resonance fregquency

Fo = wo/(2*W)

15 This 1s a theoretically ideal formula. In prac-
rice, the wvalues stated are tuned with emplrically
found correction factors. Thus, to the length L of the
hose or tube piece 13, a correction factor cepending on
its internal diameter often has to be added and multi-

20 plied by a correction factor depending on the hose or
tube material.

Arrangement of this resonance frequency 1n the
frequency region where the user’s volce penetrates
strongly to the residual volume 1in the ear canal

25 provides a substantial damping of occlusion effects and
an improvement of the comfort of use and speech repro-
duction during conversation through a damping of the
user’s own volce.

For men, this frequency region 1s typically

30 between 200 and 800 Hz, while for women it 1s typically
between 250 and S00 Hz.
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At a dimensiocning suitable for this, the cavity 3
in the plug 1 may thus have a volume V orf 0.3 - 1.2

‘ - 3 1 ! : 1 !
cm3, especially 0.6 cm™, while the hcse Or tuke pilece

13 may have an internal diameter of 0.5 - 2.0 mm,
especially 1 mm, and a length L of 3 - 20 mm, especial-
ly 7 mm.

The acoustical link through the hcse or tube pisce
13 is preferably provided in a completed hearing ald Ly
drilling a hole corresponding to the ori

whereupon the hcse or tube piece 13 1s 1nserted 1nto

‘g
0O
.
{)
‘...J
-

(£
(T
O
(t
.
(D

the plug 1 at an inserticn length corres
~alculated value and 1s fastened to the plug 1 oy
gluing or melting.

In the g¢raphical illustration 1in rig. 2, the
cffect of prcviding the acoustical link acccrdinc tco
rhe invention is 1illustrated by the fully drawn grapn
B, which, cocmpared with the dashed grapn A for a
conventional necn-vented CIC hearin aid, Shcws

a
significant rescnance damping of apbout 1o c3 arcund 700

(1)
()

8!

Hz whereas the damping some cctaves belcw tne rasc

ance fregquency cnly amounts to a value corrssponding CO
che real volume increase from the cavity 2.

The graphs in Fig. 2 show the amplification in dB
in relation to the frequency in Hz reccrcded 1n an

acoustical ccupler system pursuant to IEC 711 Ior a

3

cavity 3 in the plug 1 having a volume or 0.6 cm and

2 hose or tube piece 13 having an internal diameter of
1 mm and a length of 7 mm.

In practice, it will be desirable with a softening
of the resonance damping in many cases. Such softening
~an be obtained according to one embodiment of the
invention, by supplementing the system with a leak 1in
rhe form of a through-going vent passage or vent from

rhe residual volume in the ear canal to the surround-

ings.
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As shown 1in Fig. 1, such vent passage can be
established in a simple manner by drilling one or more
pinholes 15 in the outward side of the hearing aid, for
example 1in the battery 1id 16. The aggregate vent
passage will here extend from the orifice 14 through the
hose or tube piece 13 and the cavity 3 to the pinhole
or pinholes 15.

This measure typically provides a damping function
as 1llustrated by the dotted graph C in Fig. 2.

As another possibility, a through-going vent
passage may be formed as a separate passage through the
hearing aid, for example in the shell-like wall of the
plug 1, such as is described in WO 91/03139, whereby the
acoustical link according to the invention is not part
of the vent passage, but can be freely dimensioned to
provide the optimum damping of occlusion effects.

In many cases there will already be leaks between
the plug 1 and the wall of the ear canal in themselves
forming a vent passage. In such cases, the acoustical
link can also have the optimum design concerning damping
of occlusion effects.

It is an advantage of the invention that it does
not require special preparation of the hearing aid
before provision of the acoustical link.

A first work step in an otherwise completed hearing
aid may therefore be to decide whether an acoustical
1link should be provided.

To determine whether an acoustical 1link in the plug
1l is needed, a tightness/acoustical measurement with the
plug 1 arranged in the ear canal may be performed
according to the method of the invention prior to

provision of the acoustical link.
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PATENT CLAIMS
1. A hearing aid for arrangement 1n tChe ear,

particularly ccmplecely inside the ear canal, ccmpris-

oF

ing a plug (1) for arrangement 1n the ear canal an
having a shell-like wall facing the 1ntericr o tnhe ear
canal and an outward faceplate (2) which tcgether
define a generally closed cavity (3) 1in which are
arranged an input transducer, such as a micrcpnene (2),
for transforming external sounds 1intoc an electrical
signal, a signal processor (6) for prccessing =the
signal produced by the input transducer and prcducing
a hearing-loss compensating electrical signal, and an
£

output transducer (7) for transforming the sigral

'O
(D
-
)
Q)
1
} ¥
3
Q3

the signal prccessor into a hearing-loss com
sound signal, as well as a power source, suchh as a
battery (4), characterilzed in that an
acoustical link 1in the form of a hose or ture plsce
(13) is provided between an orifice (14) at the aXxt=r-
nal side of the part of the wall of the plug (1) facing
the intericr of the ear canal and the resicual vclume
(12) of the internal cavity (3) of the plug (1) zand,
rogether with said residual volume (12) 1in the cavity
(3), forms an approximated acoustical circui
resonance frequency in the region of the first voice
sound formants of the user.

2. A hearing aid according to claim 1, ¢ n a r -
acterized in that said resonance f{reguency 1s
in the range between 50 and 1000 Hz.

3. A hearing aid according to claim 2, ¢Cc h a r -
acterized in that said resonance frequency 1s
in the range between 200 and 800 Hz.

4. A hearing aid according to claim 3, ¢ h a r -
acterized in that the cavity (3) 1n the plug
(1) has a volume of 0.3 - 1.2 cm3, especlally 0.6 cm3,
and that said hose or tube piece (13) has an 1internal

diameter of 0.5 - 2.0 mm, especially 1 mm, and a length

. r k0
- ‘h L N . tv‘ L
.:i:\;gg-'-.\-;s ;5—?; ~i T



10

15

25

30

35

CA 02286037 1999-10-13

11

of 3 - 20 mm, especially 7 mm.

5. A hearing aid according to any cne or the
preceding claims, c¢characterilzed 11 that
a through-going vent passage or vent 1S provided 2as
well through the hearing aid plug 1 from tre residual
volume in the ear canal to the surroundings.

5. A hearing aid according to claim 5, ¢ nh a r -
2 cterized in that said hose or ture pisce (13)

forms part of said vent passace.

b

7. A hearing aid according to claim 6, ¢ - a

s cterized in that said vent passage comprlses

one or more pinholes (15) in a part of the hearing a:id
plug (1) facing the surroundings.

8. A method for the production and user-fitting of

h

a hearing aid according to any cne of the preceding
claims, whereby a plug (1) for arrangement in the ear
canal is manufactured with a substantially closed
shell-like wall facing the interior of the ear canal
and an outward faceplate (2) which together delfine a
generally closed cavity (3) 1in whicn are arranged an
input transducer (S), such as a microphone, IOXr Crans-
forming external sound into an electrical signal, a
signal processor (6) for processing the signal produced
by the input transducer and producing a hearing-loss
compensating electrical signal, and an output trans-
ducer (7) for transforming the signal from the signal
processor into a hearing-loss compensating scund
signal, as well as a power source, such as a battery

(4), characterized in that an acoustical
link in the form of a hose or tube piece (13) 1s
provided between an orifice (14) at the external side
of the part of the wall of the plug (1) facing the
interior of the ear canal and the residual volume (12)
of the internal cavity (3) of the plug, which hose or
tube piece (13) 1is tuned so that together with said

residual volume (12) in the cavity (3) 1t forms an

P N O T L I
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approximated acoustical circuit having a resonance
frequency 1in the region of the £first volce scund
formants of the user.

g. A method according to claim 8, ¢ 2 a ¥ a c -
t erized 1n that said resonance freguency 1s in

the range between 50 and 1000 Hz.

Ay
()
|

10. A method according to claim S8, ¢ 11 a r
t e r 1z e d 1in that said resonance frasguency 1s in
the range between 200 and 800 Hz.

11. A method according to claim 8, ¢ n a r a c -
t e r 1 z e d in that a hose or tube pilece (13) having
an internal diameter of 0.5 - 2.0 mm, esprecilally 1 mm,
and a length of 3 - 20 mm, especially 7 mm, 1S
a cavity (3) in the plughousing (1) having a volume of
0.3 - 1.2 cm3, especlally 0.6 cm3

12. A methecd according to any one of claims 8 -
11, c haracterized in that said crifice
(14) is formed in the shell of the hearing aic housing
cf a ccmpleted hearing aid, whereupon said hcse or tube
piece (13) 1s 1inserted into the cavity (3) oI the
hearing aid plug at an insertion length cocrrespcnding
to the provisicn of said acoustical circuit.

13. A method according to any one of claims 8 -
12, c haracterized 1n that a measuresment
of tightness and/or response from the hearing aid
arranged in position inside the ear canal 1s performed
prior to providing said acoustical link.

14. A method according to claim 13, c h a r a c -
t erized in that a through-going vent passage oOr
vent is provided through the hearing aid housing from

said residual volume in the ear canal to the surround-

1ngs.
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