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@ Resonant peak control.

@ A hearing aid having receiving means, amplifying means :

and means for delivering the amplified sound to a user’s ear,
in which an adjustable resonant peak control, such as a vari-

able resistor, is used to tailor the frequency response to
reduce feedback without substantial reduction in high fre-

quency amplification or saturation levels.
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BACKGROUND ON THE INVENTION

This invention relates to a hearing aid in which acoustic feedback
is controlled.

Acoustic feedback, a common problem in both in-the-ear and behind-
the-ear hearing aids, can be eliminated in some users by placement
of a capacitor in parallel with the hearing aid amplifier output.
However, this does not allow adjustments at the time of fitting the
hearing aid and therefore, feedback cannot be eliminated in all
USEeTS.

A nigh frequency cutoff circuit can be used to eliminate feedback,
but it alsp entirely eliminates the high frequency response of the
hearing aid. .

Accurate ear impressions coupled with precise duplication at the
laboratory can provide a precise fit for the hearing aid which is
heipful in reducing feedback. However, often the hearing a2id must
be returned to the laboratory for minor corrections due to
inaccuracies in the original impressions or in the duplications.

SUMMARY OF THE INVENTION

In general, the invention features, in one aspect, a hearing aid
having receiving means for receiving sound, amplifying means,
‘connected to the receiving means, for amplifying sound, and 8
resonant peak control connected petween the receiving and amplifying
means, for reducing feedback by varying the amplifying means
fregquency response.
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In a particular embodiment, the resonmant peak control of the hearing
aid allows the frequency response to be tailored to reduce feedback
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without substantial reduction in high frequency amplification by the
amplifying means; the resonant peak control is an R-C circuit; the
R-C circuit is a series R-C circuit having a variable resistor and a
capacitor.

In another particular embodiment, the hearing aid has an adjustable
vent which can be used to reduce feedback; the adjustable vent and
the resonant peak control are coordinated to reduce feedback.

In another aspect, the invention features a method of reducing
feedback in a hearing aid, having the steps of adjusting the volume
of the hearing aid to the most comfortable level and tailoring the
frequency response of the hearing aid output to reduce feedback.

In a particular embodiment, the tailoring of the frequency response
is accomplished by tuning a series R-C circuit in parallel with a
hearing aid output. T

This invention is a very significant step in the elimination of
acoustic feedback in hearing aids because it allows the hearing aid
to be adjusted for the elimination of feedback at the time of
fitting.

On the spot adjustments, obtaimed by varying the resonant peak
control, allow the hearing aid to be customized to an individual
user without the necessity of returning the aid to the factory or
laboratory for adjustments or modifications. This allows accomo-
dation of individual characteristics of a user's ear canal in

obtaining the most comfortable level for that particular user.
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Adjustment of the resonant peak control flattens out the frequency
response angd shifts the freguency response curve to a lower
freguency range, resulting in almost no loss in high freguency
amplification and only a minimal change in saturation levels.

Therefore, this hearing aid provides the advantage of being
adjustable at the time of fitting without any significant sacrifice
in operational characteristics.

Other features and advantages of the invention will be apparent from
the following detailed description, and from the claims.

For a full understanding of the present invention, reference should

now be made to the following detailed description and to the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic view of the hearing aid circuitry.

Fig. 2 shows the boundaries of the frequency response curve due to
adjustment of the resonant peak control.

Fig. 3 shows the boundaries of the saturation sound pressure level
curve due to adjustment of the resonant peak control.

DETAILED DESCRIPTION

Referring to the drawings, an embodiment of the invention will now
be described in detail.

Hearing aid 10, designed to be mounted in the user's ear, has
microphone 12 for picking up external sounds, integrated circuit 14,
typically an LTI 505 integrated circuit, for amplifying external
soung, and receiver 16, typically a Knowles Electronics 1913
receiver for imparting the amplified sound to the user.

Micropnone 12, is connected to integrated circuit 14 by gain control
18, wnich can be a potentiometer in series with capacitor 20, for
adjusting the gain of the microphone.

Volume control 22, which can also be a potentiometer, allows variable
agjustnent of the amplified audio output of integrated circuit 14.

Receiver 16, connected in parallel with integrated circuit 14, is
alsc connected in parallel with a series R-C circuit which includes
capacitor 24 and resonant peak control (RPC) 26.
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The resonant peak control is a variable potentiometer which when
agjustec acts in conjunction with capacitor 24 and the inductance of
receiver 16 to tailor the frequency response of the amplifier
(integrated circuit 14) to reduce instability due to feedback.

Referring to Fig. 2, frequency response curves A and B show the two
extreme conditions between which the frequency response can be
tailored by adjusting the resonant peak control.

The agjustment of the resonant peak control varies its electrical
output which tunes or tailors the frequency response reSulting in
shifting and flattening of the peaks of the frequency response curve
which reduces feedback with only a slight reduction in high

frequency amplification and only a minimal change in the saturation
curve.

Referring to Fig. 3, curves C and D show the limits of the change in
the saturation curve due to adjustment of the resonant peak control.

in actual use the slight reduction in high frequency amplification
is not detectable because the improved flatness of the frequency
response permits a higher gain to pe utilized.

In actual operation the hearing aid is inserted in the user's ear
anc veclume control 22, is adjusted to the most comfortable level for
the particular user. In the event feedback occurs prior to reaching
the most comfortable level, resonant peak control 26 is adjusted
until feedback is eliminated. Then, if required volume control 22
can be further increasso to again reach the most comfortable'level.
The sequence of maximizing the volume control to the most
comfortable level followed by adjustment of the. resonant peak
contrel is repeated until the most cremfortable level for the user is
sttained without the existence of any, feedback.

-6 -
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Siemens Custom In-The-Ear Hearing Aid 007, sold by Siemens Hearing
Instruments, Inc., 685 Liberty Avenue, Union, New Jersey,

incorporates the inventive concept described in this application.

In an alternative embodiment the size of the hearing aid vent
opening can be changed to effect a change in amplifier instability
(integrated circuit 14) due to feedback.

This modification of the opening is especially useful when a maximum

resonant peak control adjustment is reached and feedback still
OCCUTS.

There has thus been shown and described a novel method anc apparatus
for reducing acoustical feedback in hearing aids which fulfills all
the objects anc advantages sought therefor. Many changes,
modifications, variations and other uses and application of the
subject will, however, become apparent to those skilled in the art
after considering the sbecification and the accompanying drawings
which aisclose embociments thereof. All such changes,
moaifications, variations znd other uses and applications which do
not cepart from the spirit anc scope of the invention are deemeg to

be coverea by the invention which is limited only by the claims
which follow.
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CLAIMS
wWhat is Claimed is:
1. A hearing aid, comprising:
a) receiving means for receiving sound;

b) amplifying means, connected to said receiving means, for
amplifying said sound; and

c) a resonant peak control connected between said receiving and
said amplifying means, for reducing feedback by varying said
amplifying means frequency response.

2. The hearing aid of claim 1, wherein said resonant peak control
allows said frequency response to be tailored to reduce feedback
without substantial reduction in high frequency amplification by
said amplifying means.

3. The hearing aid in claim 1, wherein said resonant peak control
comprises an R-C circuit.

4, The hearing aid of claim 3, wherein said R-C circuit is a series
R-C circuit comprising a variable resistor and a capacitor.

5. The hearing aid of claim 1, wherzin an adjustable vent can be
used to reduce feedback. '

6. Tne hearing aic of claim 5, wherein said adjustable vent and
saio resonant peak control are coorcinated to reduce feedback.
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7. The method of reducing feedback in a hearing aid, comprising the
steps of:

a) adjusting the volume of said hearing aid to a most
comfortable level; and

b) tailoring the freguency response of said hearing aid output
to reduce feedback.

8. The method of claim 7, wherein said tailoring is accomplished by
tuning a series R-C circuit in parallel with said hearing aid output.
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FIG 2
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