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DESCRIPTION
FIELD OF THE INVENTION

[0001] The present invention relates to a hearing aid assembly. In particular, the present 
invention relates to a so-called receiver in the canal (RIC) hearing aid assembly having an 
enhanced low-frequency performance.

BACKGROUND OF THE INVENTION

[0002] It is well-known that traditional receivers applying domes with holes exhibit a 
significantly reduced low-frequency response due to the low frequency filtering characteristics 
of the holes in the dome.

[0003] A direct comparison between frequency responses of a closed dome and an open 
dome is shown in Fig. 1. It is evident that the sound pressure level (SPL) of the closed dome is 
significantly higher that the SPL of the open dome in the frequency range from 100 Hz to 2 
kHz.

[0004] In view of the above-mentioned lack of low-frequency performance it may be seen as 
an object of embodiments of the present invention to provide a receiver arrangement for a 
hearing aid assembly, said receiver arrangement enhancing the low-frequency response for 
receivers applying an open dome arrangement.

DESCRIPTION OF THE INVENTION

[0005] The above-mentioned object is complied with by providing, in a first aspect, a hearing 
aid assembly comprising

• a receiver comprising a front chamber and a back chamber being acoustically coupled to 
respective front and back chamber openings, and

• acoustical guiding means for guiding air from at least one of the front and back chamber 
openings to an air mixing zone for mixing air from the front and back chamber openings.

[0006] It is an advantage of the present invention that the suggested mixing of air from the
front and back chambers in the air mixing zone increases the low-frequency performance of
the hearing aid assembly. In case of a full range receiver, the frequency performance is
increased for the low frequencies of the full range. In case of a tweeter i.e. high frequency
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receiver, the frequency performance is increased for the low frequencies of the high-frequency 
range.

[0007] The hearing aid assembly may form part of a RIC hearing aid where the above- 
mentioned assembly is adapted to be positioned in the ear canal whereas orther parts of the 
RIC hearing aid, such as battery, microphone etc., may be positioned outside the ear canal.

[0008] The receiver may be a balanced armature-type receiver. However, other types of 
receivers having front and back chambers may be applicable as well.

[0009] The air mixing zone may form part of an air mixing chamber which may be acoustically 
coupled to a sound outlet of the assembly. The sound outlet of the hearing air assembly may 
comprise a dome.

[0010] In an embodiment of the invention the front chamber opening may form part of the air 
mixing zone. The acoustical guiding means may thus be coupled to the back chamber opening 
so as to guide air from the back chamber opening to the air mixing zone. The air mixing zone 
may be in direct acoustical contact with the dome of the sound outlet of the hearing aid 
assembly in that the dome may form part of the boundaries of the air mixing zone.

[0011] When air from the back chamber opening arrives at the air mixing zone it has been 
phase-shifted and delayed compared to the air from the front chamber opening. The 
introduced phase-shift is caused by the fact that air from the front chamber opening is 
generated when the receiver membrane moves in one direction, whereas air from the back 
chamber opening is generated when the receiver membrane moves in the opposite direction.

[0012] The acoustical guiding means may comprise a tube, such as a flexible duct, having a 
predetermined length and a predetermined inner diameter. The tube may show a low-pass 
frequency behaviour because high-frequency components (above 3 kHz) are typically damped 
by the tube geometry.

[0013] Various predetermined lengths and inner diameters have been tested in order to 
optimise the low-frequency response of the hearing aid assembly. Thus, the length of the tube 
may be selected in accordance with the relevant frequencies in order to utilize the acoustical 
resonance of the tube.

[0014] As a result of the tests the predetermined length and the predetermined inner diameter 
of the tube may typically fall within the ranges 20-100 mm, such as 3- 80 mmm and 0.5 - 1.0 
mm, such as 0.25-0.75 mm, respectively. However, other tube dimensions may be applicable 
as well.

[0015] At least one electrical connector adapted to connect the receiver to exterior electrical 
components of the hearing aid assembly may be provided. Such exterior electrical components 
may involve batteries, amplifiers, microphones etc.
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[0016] It may be advantageous from a space saving perspective to position one or more 
electrical wires interconnecting the receiver and the at least one electrical connector at least 
partly within the acoustical guiding means. In this way vulnerable free-hanging electrical wires 
between the receiver and the electrical connector can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will now be explained in further details with reference to the 
accompanying figures where

Fig. 1 shows frequency responses between a closed dome and an open dome,

Fig. 2 shows a cross-sectional view of a RiC part of a hearing aid assembly according the 
present invention,

Fig. 3 shows a three-dimensional illustration of a RiC part of a hearing aid assembly according 
the present invention,

Fig. 4 shows a comparison between an open back chamber and the appliance of a thuras 
tube,

Fig. 5 illustrates the influence of thuras tube length and diameter,

Fig. 6 shows the influence of having electrical wires arranged in the thuras tube, and

Fig. 7 shows a schematic cross-section of a RiC hearing aid assembly according to the 
invention.

[0018] While the invention is susceptible to various modifications and alternative forms, specific 
embodiments have been shown by way of examples in the drawings and will be described in 
detail herein. It should be understood, however, that the invention is not intended to be limited 
to the particular forms disclosed.

DETAILED DESCRIPTION OF THE INVENTION

[0019] In its most general aspect the present invention relates to a hearing aid assembly, such
as a RIC hearing aid assembly, where air from a receiver's back chamber is mixed with air
from the receiver's front chamber. This mixing of air from the two chambers enhances the low-
frequency response of the hearing air assembly significantly. An increase of around 6 dB in
SPL may be achieved; or even more. Acoustical guiding means, such as a flexible tube, is
provided for guiding air from the back chamber to a mixing zone in the form of a chamber
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where also air from the front chamber is present. The mixed air drives a sound outlet dome of 
the overall hearing aid assembly. The length and the diameter of the acoustical guiding means 
influence the low-frequency performance of the hearing aid assembly.

[0020] Referring now to Fig. 2 a hearing aid assembly 200 according to the present invention 
is depicted. The assembly comprises a body 201 and a sound outlet dome 202 attached 
thereto. The body houses a receiver 203 having a front chamber 204 and a back chamber
205. Pressurized air may escape from the two chambers via respective sound openings 206 
(front chamber) and 207 (back chamber). An acoustical seal 208 is provided between the 
receiver and the body 201 in order to avoid uncontrolled mixing of air from the two chambers. 
The receiver is electrically coupled to the connector 209 via electrical wires 210. The connector 
209 ensures that the receiver can be electrically connected to exterior parts, such as a behind- 
the-ear (BTE) part, of the hearing aid.

[0021] A tube section 211 is provided between the body 201 and the connector 209. This tube 
section 211 forms an acoustical channel where pressurized air from the back chamber opening 
207 is allowed to enter and propagate. An additional tube section 212 and a passage 214 are 
provided for leading pressurized air to a mixing zone near the front chamber opening 206 so 
that air from the front and back chamber openings 206, 207 are mixing in order to enhance the 
low-frequency response of the hearing aid assembly 200. The air arriving from the back 
chamber opening 207 is in phase when it blends with air leaving the front chamber opening
206.

[0022] When air from the back chamber opening 207 is guided to the mixing zone behind the 
sound outlet dome 202 the low-frequency performance of the assembly is highly improved in 
that the SPL in the low-frequency range, typically below 2 kHz, is increased significantly.

[0023] The high-frequency performance of the hearing aid assembly is primarily dominated by 
sound escaping from the front chamber opening of the receiver. The tube sections 211, 212 
act as a low-pass filter having a cut-off frequency of around 3 kHz. Thus, essentially no high- 
frequency components are allowed to pass through the tube sections 211,212.

[0024] Thus, it is advantageous that the increased low-frequency performance caused by the 
air from the back chamber opening does not influence the average high-frequency 
performance of the assembly in any particular way.

[0025] The receiver 203 shown in Fig. 2 is a balanced armature-type receiver. However, other 
types of receivers having front and back chambers may be applicable as well.

[0026] A three-dimensional illustration of the RiC part of a hearing aid assembly is shown in
Fig. 3. The hearing aid assembly comprises a body 301 housing the receiver (not shown) and
the connector 304 interconnected by the tubes 302 and 303. The tube 302 is leading air from
the back chamber of the receiver to the air mixing chamber behind the sound outlet 305. The
tube 303, which also serves as an air guiding passage, contains electrical wires
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interconnecting the receiver (not shown) and the connector 304.

[0027] Fig. 4 shows a comparison of the SPL from a receiver having an open back chamber 
and a similar receiver being equipped with a tube which in the following is denoted a thuras 
tube . As seen in Fig. 4 the thuras tube increases the SPL in the frequency range from around 
300 Hz to around 2 kHz. The thuras tube used in connection with the results presented in Fig. 
4 has a length of 90 mm and an inner diameter of 0.75 mm.

[0028] Fig. 5a shows the achievable SPL for various lengths of the thuras tubes. The tendency 
is clear in that the low-frequency response increases with increasing length of the thuras tube. 
Also, maximum SPL seems to shift towards lower frequencies with increasing length.

[0029] Fig. 5b shows the achievable SPL for various tube diameters. As seen in Fig. 5b, an 
optimal low-frequency performance seems to exist for tube diameters of around 0.75 mm 
where the low-frequency response is maximal in terms of achievable SPL, at least in the 
frequency range 300 Hz to around 2 kHz.

[0030] Fig. 6 illustrates that the acoustical performance of the hearing aid assembly is 
essentially not influenced by the presence of electrical wires being arranged in at least part of 
the thuras tubes. For comparison, the frequency response of a traditional receiver having no 
thuras tube is shown as well. As seen in Fig. 6 the traditional receiver shows a lower SPL (up 
to around 6-7 dB) in the frequency range 250 Hz to around 2 kHz.

[0031] Another embodiment of the invention is shown in Fig. 7. This shows a RiC hearing aid 
assembly 600 comprising a low-frequency receiver 614 and a high-frequency receiver 603, 
e.g. applicable as a woofer -tweeter receiver combination for HiFi purposes. The woofer i.e. 
the low-frequency receiver 614 outputs the low frequency range, the tweeter i.e. the high- 
frequency receiver 603 outputs the high-frequency range of the output. The woofer is 
positioned in the BTE part 615 of the hearing aid, the tweeter is positioned in the RiC part 616 
of the hearing aid. The sound of both receivers 603, 614 is outputted through the sound outlet 
dome 602.

[0032] In such a distributed system the tweeter has a peak at around 5 kHz, instead at 3 kHz 
common for full range receivers which is desired as it approaches the natural resonance 
frequency associated with the human ear. To reduce the cross-over effects associated with the 
split of the frequency spectra of the respective receivers, the thuras tube can be optimised to 
provide an increase of the low part of the high-frequency spectrum, particularly at 3 kHz. 
Accordingly, the the full range output of the hearing aid shows an improvement due to the 
frequency performance increase at 3 kHz.
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1

PATENTKRAV

1. Høreapparatenhed omfattende

- en lydgiver omfattende et forkammer og et bagkammer, som er akustisk forbundet med 

respektive for- og bagkammeråbninger, og

- et akustisk ledeorgan, som er forbundet med bagkammeråbningen for således at lede luft 

fra bagkammeråbningen til en luftblandingszone, hvor der også er luft fra forkammeret til 

stede, hvor luftblandingszonen har til formål at blande luft fra for- og bagkammeråbningerne, 

kendetegnet ved, at det akustiske ledeorgan omfatter et fleksibelt rør med en forudbestemt 

længde og en forudbestemt indvendig diameter med det formål at udvise forudbestemte 

akustiske egenskaber.

2. Høreapparatenhed ifølge krav 1, hvori luftblandingszonen er akustisk forbundet med en 

lydudgang i høreapparatenheden.

3. Høreapparat ifølge krav 2, hvori høreapparatenhedens lydudgang omfatter en dorne.

4. Høreapparatenhed ifølge et hvilket som helst af kravene 1-3, hvori forkammeråbningen 

udgør en del af luftblandingszonen.

5. Høreapparatenhed ifølge et hvilket som helst af kravene 1-4, hvori de forudbestemte 

akustiske egenskaber omfatter en lavpas-filter karakteristik.

6. Høreapparatenhed ifølge et hvilket som helst af kravene 1-5, hvori den forudbestemte 

længde og den forudbestemte indvendige diameter af det fleksible rør ligger henholdsvis inden 

for området 20-100 mm og 0,25-0,75 mm.

7. Høreapparatenhed ifølge et hvilket som helst af de foregående krav, hvilken enhed 

yderligere omfatter mindst én elektrisk stikforbindelse, som er indrettet til at forbinde 

lydgiveren med eksterne elektriske komponenter af høreapparatenheden.

8. Høreapparatenhed ifølge krav 7, hvori én eller flere elektriske ledninger, som forbinder 

lydgiveren og den i det mindste ene elektriske stikforbindelse med hinanden, er i det mindste 

delvist placeret inden for det akustiske ledeorgan.



DK/EP 2747459 T3

DRAWINGS
So

un
d P

re
ss

ur
e 

Le
ve

l (d
B)

Frequency (Hz)

Fig. 1
(Prior Art)



DK/EP 2747459 T3



DK/EP 2747459 T3

Fig. 3
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Fig. 4
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