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aid to eliminate the “occlusion effect” are conducted to an acoustically isolated cavity to eliminate, or greatly reduce, feedback in
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HEARING AID

Technical Field

The present invention relates, in general, to
hearing aids and, in particular, to a hearing aid in
which feedback from the hearing aid speaker to the
hearing aid microphone is greatly reduced.

Background of the Invention

When a hearing aid ear mold housing is placed
in the ear, a phenomenon known as "occlusion effect"
occurs. The voice of the hearing aid user is conducted
through his skull to his ear canal. The "occlusion
effect" causes the voice of the hearing aid user to sound
very loud.
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The "occlusion effect" is greatly reduced, if
not eliminated entirely, in many commercially available
hearing aids by providing a small air vent passage,
typically in an outside wall of the ear mold housing of
the hearing aid, through which sounds in the ear canal of
the ear, produced by the "occlusion effect," are 'yvented"
to outside the ear. Because the "occlusion effect" is
most evident at low frequencies, the air vent passage is
designed for passage of the low frequency components of

the voice of the hearing aid user.

Unfortunately, the small air vent passage also
allows a portion of the amplified sound produced by the
hearing aid speaker to escape. If this escaping sound is
loud enough, feedback will occur. The frequency range of
the feedback, typically between 2.0 kHz and 6.5 kHz, is
dependent upon the gpacing of the hearing aid microphone
and hearing aid speaker, the length of the air vent
passage, and the gain of the hearing aid.

Summary of the Invention

A hearing aid, constructed in accordance with
the present invention, includes transmitter means,
including a microphone, responsive to external sounds for
developing electrical signals representative of the
external sounds and receiver means, including a speaker,
responsive to the electrical signals for producing
amplified versions of the external sounds. For a hearing
aid which is completely contained within the ear of the
hearing aid user, the transmitter means and receiver
means are contained in a housing molded to fit the ear of
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the hearing aid user. This hearing aid also includes a
cavity which is acoustically isolated from outside the
ear of the user of the hearing aid and the ear canal of
the user of the hearing aid. Also included in this
hearing aid are means for conducting sounds from the ear
canal of the user of the hearing aid to outside the ear.
Such means are provided to eliminate the "occlusion
effect." Further, this hearing aid includes means,
extending between the acoustically isolated cavity and
the means by which sounds from the ear canal are
conducted to outside the ear, for conducting selected
frequency components of this sound into the acoustically
isolated cavity. Such means are provided to eliminate,
or greatly reduce, feedback in the hearing aid.

Brief Degcription of the Drawing

The single figure is a sectional view of one
preferred embodiment of a hearing aid constructed in
accordance with the present invention.

il D ripti f the Inv i

Referring to the drawing, a hearing aid,
constructed in accordance with the present invention,
includes transmitter means and receiver means which can
be of conventional construction and operation and are
represented in the drawing by a microphone 10, a speaker
12, the various electrical components 14, 16, 18 and 20
mounted on a printed circuit board 22, a battery housed
in a battery compartment 24, and wires 26 running from
printed circuit board 22 to speaker 12. Speaker 12 has a
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gound conducting tube 28 which opens to the ear canal of
the user of the hearing aid when the hearing aid is
pogitioned in the ear. For a hearing aid which is
completely contained within the ear of the hearing aid
user, the transmitter means and receiver means are
contained in a housing molded to fit the ear of the

hearing aid user.

Microphone 10 responds to external sounds and
the transmitter means develop electrical gignals
representative of the external sounds. The receiver
means respond to the electrical signals and speaker 12
produces amplified versions of the external sounds which
are conducted to the ear canal of the hearing aid user by

sound conducting tube 28.

A hearing aid, constructed in accordance with
the present invention, also includes a housing 30.
Housing 30 has an éir vent passage 32 extending along the
length of the housing. preferably, air vent passage 32
extends through an outside wall 30a of the housing. Air
vent passage 32 conducts gound from the ear canal of the
hearing aid user to outside the ear and is provided to
eliminate the "occlusion effect" as described above. For
the embodiment of the present invention illustrated in
the drawing, an extension of air vent passage 32 is
provided by a short passage 34 in a plate 36.

plate 36 extends across housing 30 and forms a
cavity 38 within the housing which is acoustically
jgolated from outgide the ear of the hearing aid user and
the ear canal of the hearing aid user. The acoustic
jsolation is achieved by a suitable adhesive applied at
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the contéct surfaces of the mating parts to form an
acoustic seal. For the embodiment of the present
invention illustrated in the drawing, speaker 12 is
positioned within cavity 38. Amplified versions of
external sounds, produced by the usual cooperation of the
transmitter means and the receiver means, are conducted
to the ear canal of the hearing aid user.

Plate 36 is arranged to contain microphone 10
and battery compartment 24. A battery compartment door
40 is provided to gain access to battery compartment 24
to change the battery.

Housing 30 also has a tuned passage 42
“extending through wall 30a of the housing from air vent
- passage 32 to cavity 38. Tuned passage 42 and cavity 38
form a Helmholtz resonator which resonates at a frequency
determined by the following, well known equation:

Wo = CX\‘A/le

where:

¢ is the speed of sound in meters/second

A is the cross-sectional area of tuned passage 42
1 is the length of tuned passage 42

V ig the volume of cavity 38

Thus, for a given hearing aid having an air
vent passage, the size of tuned passage 42 (i.e. its
length and cross-sectional area) are selected to "trap"
those frequency components which would otherwise cause
feedback in the absence of tuned passage 42.
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Although the present invention has been
described in connection with a hearing aid which is
completely contained within the ear of the hearing aid
user, it will be apparent that, with suitable
modifications and substitutions, the present 1nvent10n
also has application in "behind the ear" hearing aids,
although the feedback problem is less severe in such
instruments because of the greater spacing between the
hearing aid microphone and the hearing aid speaker.

While a preferred embodiment of the present
invention has been described and certain modifications
and substitutions are suggested, it will be apparent to
those skilled in the art that various other modifications
and substitutions can be made without departing from the
true spirit and scope of the invention. Accordingly, it
is understood that the present invention has been
described by way of illustration and not limitation.
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What is Claimed:

1. A hearing aid comprising:

transmitter means, including a microphone,
responsive to external sounds for developing electrical
signals representative of said external sounds;

receiver means, including a speaker,
rogponsive to said electrical signals for producing
a:xplified versions of said external sounds;

and a housing having:

(a) an air vent passage extending along
the length of said housing for
conducting sound from the ear canal

- of a user of said hearing aid to
outside the ear,

(b) an isolation wall extending acraoss
said housing forming within said
housing a cavity acoustically
igsolated from outside the ear of the
user of said hearing aid and the ear
canal of the user of said hearing
aid, and

(c) a tuned passage extending between
said air vent passage and said
cavity.
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2. A hearing aid according to claim 1 wherein
said air vent passage is in an outside wall of said
housing and said tuned passage extends through said
outside wall from said air vent passage to gaid cavity.

3. A hearing aid according to claim 2 wherein

said speaker is positioned within said cavity.

4. A hearing aid comprising:

transmitter means, including a microphone,
responsive to external sounds for developing electrical
gsignals representative of said external sounds;

receiver means, including a speaker,
responsive to said electrical signals for producing
amplified versions of said external sounds;

a cavity acoustically isolated from
outside the ear of the user of said hearing aid and the
ear canal of the user of said hearing aid;

means for conducting sounds from the ear
canal of an ear with which said hearing aid is used to

outside the ear;

and means extending between said cavity
and said sound conducting means for conducting selected
frequency components of said gsound from said sound
conducting means into said cavity.
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5. A hearing aid comprising:

transmitter means, including a microphone,
responsive to external sounds for developing electrical
signals representative of gaid external sounds;

receiver means, including a speaker,
responsive to said electrical signals for producing
amplified versions of said external sounds;

means for conducting sounds from the ear
canal of the user of said hearing aid to outside the ear
of the user of said hearing aid;

and a Helmholtz resonator acoustically
coupled to said sound conducting means for filtering
gselected frequency components from the sounds conducted
from the ear canal of the user of said hearing aid to
outside the ear of the user of said hearing aid.

6. A hearing aid according to claim 5 wherein
gsaid Helmholtz resonator includes:

(a) a cavity acoustically isolated from
outside the ear of the user of said
hearing aid and the ear canal of the user
of said hearing aid, and

(b) a passage extending between said cavity
and said sound conducting means.
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