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AUTOMATIC SWITCH FOR HEARING AID

Field of the Invention

This invention relates generally to hearing aids, and more

particularly to an automatic switch for a hearing aid.

Background

Hearing aids can provide adjustable operational modes or
characteristics that improve the performance of the hearing aid for a specific
person or in a specific environment. Some of the operational characteristics are
volume control, tone control, and selective signal input. One way to control
these characteristics 1s by a manually engagable switch on the hearing aid. As
discussed in U.S. Patent No. 5 757 933, 1t may be desirable to have both a non-
directional microphone and a directional microphone 1n a single hearing aid.
Thus, when a person is talking to someone 1n a crowded room the hearing aid
can be switched to the directional microphone 1n an attempt to directionally
focus the reception of the hearing aid and prevent amplification of unwanted
sounds from the surrounding environment. However, the switch on the hearing
aid 1in the ‘933 patent 1s a switch that must be operated by hand. It can be a
drawback to require manual or mechanical operation of a switch to change the
input or operational characteristics of a hearing aid. Moreover, manually
engaging a switch 1n a hearing aid that 1s mounted within the ear canal is
difficult, and may be 1impossible, for people with impaired finger dexterity.

In some known hearing aids, magnetically activated switches are
controlled through the use of magnetic actuators, for examples see U.S. Patent
Nos.

5553 152 and 5 659 621. The magnetic actuator is held adjacent the hearing aid
and the magnetic switch changes the volume. However, such a hearing aid
requires that a person have the magnetic actuator available when 1t desired to
change the volume. Consequently, a person must carry an additional piece of

equipment to control his\her hearing aid. Moreover, there are mstances where a
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person may not have the magnetic actuator immediately present, for example
when 1n the yard or around the house.
Once the actuator 1s located and placed adjacent the hearing aid,
this type of circuitry for changing the volume must cycle through the volume to
5 arrive at the desired setting. Such an action takes time and adequate time may
not be available to cycle through the settings to arrive at the required setting, for
example there may be insufficient time to arrive at the required volume when
answering a telephone.
Some hearing aids have an mput which receives the
10 electromagnetic voice signal directly from the voice coil of a telephone mnstead
of receiving the acoustic signal emanating from the telephone speaker.
Accordingly, signal conversion steps, namely, from electromagnetic to acoustic
and acoustic back to electromagnetic, are removed and a higher quality voice
signal reproduction may be transmitted to the person wearing the hearing aid. It
15 may be desirable to quickly switch the hearing aid from a microphone (acoustic)
input to a coil (electromagnetic field) input when answering and talking on a
telephone. However, quickly manually switching the input of the hearing aid
from a microphone to a voice coil may be difficult for some hearing aid wearers.

Summary of the Invention

20 Upon reading and understanding the present disclosure 1t 1s
recognized that the mmventive subject matter described herein satisfies the
foregoing needs in the art and several other needs in the art not expressly noted
herein. The following summary 1s provided to give the reader a brief summary
which 1s not intended to be exhaustive or limiting and the scope of the invention

25 is provided by the attached claims and the equivalents thereof.

One embodiment of the present invention provides a method and
apparatus for switching of a hearing aid input between an acoustic input and an
electromagnetic field input. In one embodiment a method and an apparatus are
provided for automatically switching from acoustic input to electromagnetic |

30 field mmput 1n the presence of the telephone handset.
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Brief Description of the Drawings

A more complete understanding of the invention and its various

features, objects and advantages may be obtained from a consideration of the
following detailed description, the appended claims, and the attached drawings
in which:

FIG. 1 illustrates the hearing aid of the present invention adjacent

a telephone handset;
FIG. 2 1s a schematic view of the Figure 1 hearing aid; and
FIG. 3 shows a diagram of the switching circuit of Figure 2.

Detailed Description

In the following detailed description, reference 1s made to the
accompanying drawings which form a part hereof and in which 1s shown by way
of 1llustration a specific embodiment in which the invention can be practiced.
This embodiment is described in sufficient detail to enable those skilled in the art
to practice and use the invention, and 1t 1s to be understood that other
embodiments may be utilized and that electrical, logical, and structural changes
may be made without departing from the spirit and scope of the present
invention. The following detailed description is, therefore, not to be taken in a
limiting sense and the scope of the present invention is defined by the appended
claims and their equivalents.

FIG. 1 1llustrates an in-the-ear hearing aid 10 which 1s shown
positioned completely in the ear canal 12. A telephone handset 14 1s positioned
adjacent the ear 16 and, more particularly, the speaker 18 of the handset 1s
adjacent the pinna 19 of ear 16. Speaker 18 includes an electromagnetic
transducer 21 which includes a permanent magnet 22 and a voice coil 23 fixed to
a speaker cone (not shown). Briefly, the voice coil 23 receives the time-varying
component of the electrical voice signal and moves relative to the stationary
magnet 22. The speaker cone moves with coil 23 and creates an audio pressure
wave (“acoustic signal”). It has bgen found that when a person wearing a

hearing aid uses a telephone it more efficient for the hearing aid 10 to pick up the
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voice signal from the magnetic field gradient produced by the voice coil 23 and
not the acoustic signal produced by the speaker cone.

Hearing aid 10 has two mputs, a microphone 31 and a voice coil
pickup 32. The microphone 31 receives acoustic signals, converts them into
electrical signals and transmits same to a signal processing circuit 34. The signal
processing circuit 34 provides various signal processing functions which can
include noise reduction, amplification, and tone control. The signal processing
circuit 31 outputs an electrical signal to an output speaker 36 which transmits
audio into the wearer’s ear. The voice coil pickup 32 1s an electromagnetic
transducer which senses the magnetic field gradient produced by movement of
the telephone voice coil 23 and in turn produces a corresponding electrical signal
which 1s transmitted to the §igna1 processing circuit 34. Accordingly, use of the
voice coil pickup 32 eliminates two of the signal conversions normally necessary
when a conventional hearing aid is used with a telephone, namely, the telephone
handset 14 producing an acoustic signal and the hearing aid microphone 31
converting the acoustic signal to an electrical signal. It 1s believed that the
elimination of these signal conversions improves the sound quality that a user
will hear from the hearing aid.

A switching circuit 40 is provided to switch the hearing aid input
from the microphone 31, the default state, to the voice coil pickup 32, the
magnetic field sensing state. It 1s desired to automatically switch the states of
the hearing aid 10 when the telephone handset 14 1s adjacent the hearing aid
wearer’'s ear. Thereby, the need for the wearer to manually switch the input state
of the hearing aid when answering a telephone call and after the call is
eliminated. Finding and changing the state of the switch on a mimiaturized
hearing aid can be difficult especially when under the time constraints of a
ringing telephone.

The switching circuit 40 of the described embodiment changes
state when in the presence of the telephone handset magnet 22 which produces a
constant magnetic field that switches the hearing aid input from the microphone
31 to the voice coil pickup 32. As shown in Figure 3, the switching circuit 40

includes a microphone activating first switch 51, here shown as a transistor that
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has 1ts collector connected to the microphone ground, base connected to a
hearing aid voltage source through a resistor 58, and emitter connected to
ground. Thus, the default state of hearing aid 10 1s switch 58 being on and the
microphone circuit being complete. A second switch 52 1s also shown as a
transistor that has its collector connected to the hearing aid voltage source
through a resistor 59, base connected to the hearing aid voltage source through
resistor 58, and emitter connected to ground. A voice coil activating third switch
53 1s also shown as a transistor that has its collector connected to the voice pick
up ground, base connected to the collector of switch 52 and through resistor 59
to the hearing aid voltage source, and emitter connected to ground. A
magnetically activated fourth switch 55 has one contact connected to the base of
first switch 51 and through resistor 58 to the hearing aid voltage source, and the
other contact 1s connected to ground. Contacts of switch 55 are normally open.
In this default open state of switch 55, switches 51 and 52 are

conducting. Therefore, switch 51 completes the circuit connecting microphone
31 to the signal processing circuit 34. Switch 52 connects resistor 59 to ground
and draws the voltage away from the base of switch 53 so that switch 53 is open
and not conducting. Accordingly, hearing aid 10 1s operating with microphone
31 active and the voice coil pickup 32 inactive. |

Switch 55 is closed in the presence of a magnetic field, particularly in the
presence of the magnetic field produced by telephone handset magnet 22. In
one embodiment of the mnvention, switch 55 is a reed switch, for example a
microminiature reed switch, type HSR-003 manufactured by Hermetic Switch,
Inc. of Chickasha, OK. When the telephone handset magnet 22 is close enough
to the hearing aid wearer’s ear, the magnetic field produced by magnet 22 closes
switch 55. Consequently, the base of switch 51 and the base of switch 52 are
now grounded. Switches 51 and 52 stop conducting and microphone ground 1s
no longer grounded. That is, the microphone circuit is open. Now switch 52 no
longer draws the current away from the base of switch 53 and same is energized
by the hearing aid voltage source through resistor 59. Switch 53 is now

conducting. Switch 53 connects the voice pickup coil ground to ground and

}
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completes the circuit including the voice coil pickup 32 and signal processing
circuit 34.
In usual operation, switch 55 automatically closes and conducts
when it is in the presence of the magnetic field produced by telephone handset
5 magnet 22. This eliminates the need for the hearing aid wearer to find the
switch, manually change switch state, and then answer the telephone. The
wearer can conveniently merely pickup the telephone handset and place 1t by
his\her ear whereby hearing aid 10 automatically switches from receiving
microphone (acoustic) input to receiving pickup coil (electromagnetic) mput.

10 Additionally,-hearing aid 10 automatically switches back to microphone input
after the telephone handset 14 1s removed from the ear. This 1s not only
advantageous when the telephone conversation is complete but also when the
wearer needs to talk with someone present (microphone input) and then return to
talk with the p'erson on the phone (voice coil mput).

15 While the disclosed embodiment references an in-the-ear hearing
aid, it will be recognized that the mnventive features of the present invention are
adaptable to other styles of hearing aids including over-the-ear, behind-the-ear,
eye glass mount, implants, body worn aids, etc. Due to the miniaturization of
hearing aids, the present invention 1s advantageous to many miniaturized hearing

20 aids.

Possible applications of the technology include, but are not
limited to, hearing aids. Those skilled in the art will readily recognize how to
realize different embodiments using the novel features of the present invention.
Several other embodiments, applications and realizations are possible without

25 departing from the present invention. Consequently, the embodiment described
herein is not intended in an exclusive or limiting sense, and that scope of the

invention is as claimed in the following claims and their equivalents.

30
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What 1s claimed 1s:

1. A hearing aid, comprising:

a first input unit adapted to output a first signal based on a first input;

a second input unit adapted to output a second signal based on a second
1nput;

a signal processing circuit connected to the first input unit and the second

input unit; and characterized by

an automatic switch connected to the first input unit and the second mnput
unit, the automatic switch having a default state wherein the first signal 1s
received by the signal processing circuit and a switched state wherein in

response to an external electromagnetic stimulus the second signal 1s received by

the signal processing circuit.

2. The hearing aid according to claim 1, wherein the second input 1s produced

by a device having the external electromagnetic stimulus.

3. The hearing aid according to claims 1 or 2, wherein the second 1nput unit 1s a
voice coil pickup, the external electromagnetic stimulus 1s produced by a magnet
in a telephone handset, and the automatic switch includes a magnetically-
operated switch actuated by the magnet 1n the telephone handset, the
magnetically-operated switch in one state permits the first signal to be sent to the

signal processing circuit and 1n a second state permits the second signal to be

sent to the signal processing circuit.

4. The hearing aid according to claims 1, 2 or 3, wherein the automatic switch

includes a solid state switch.

5. The hearing aid according to one of claims 1-4, wherein the first input unit is

a microphone and the first signal is an acoustic signal.
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6. The hearing aid according to one of claims 1-5, wherein the second mput unit

1s a voice coil pickup and the second 1nput 1s an electromagnetic signal.

7. The hearing aid according to one of claims 1-6, further characterized by a
system including a telephone handset, the telephone handset having a magnet,
and wherein the magnet produces a magnetic field that automatically switches
the automatic switch from the first input to the second mput such that the switch
automatically transmits the first signal in the absence of the magnetic field

produced by the magnet and automatically transmits the second signal in the

presence of the magnet field.

8. The hearing aid according to claims 5-7 , wherein the automatic switch
includes a magnetically actuated switch which 1n a default state closes a
microphone circuit that includes the microphone and the signal processing

circuit, and in its activated state closes a voice coil circuit that includes the voice

coil pickup and the signal processing circuit.

9. The hearing aid according claim 8, wherein the switch only closes one of the

microphone circuit and the voice coil circuit at a time.

10. The system according to one of claims 1-9, wherein the hearing aid includes
a voltage source; and the switch includes:

a first transistor having a collector connected to the first input unit, a base
connected to a first node of the voltage source, and an emitter connected to the
signal processing circuit;

a second transistor having a collector connected to a second node of the
voltage source, a base connected to the first node, and an emitter connected to
ground;

a third transistor having a collector connected to the second input unit, a

base connected to the second node, and an emitter connected to the signal

processing circuit; and
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a magnetically actuated switch having a first contact connected to the
first node and a second contact connected to ground, in the default state the first
and second contacts are open, 1n an activated state the first and second contacts
are closed, the base of the first transistor and the base of the second transistor are
shorted to ground and the third transistor connects the second input unit to the

signal processing circuit.

11. A method of hearing aid operation having first and second operational
states, comprising the steps of:
in the first operational state,
inputting a first signal into the hearing aid;
processing the first signal;
outputting the processed first signal;
in the second operational state,
positioning a magnetic device adjacent the hearing aid;
automatically switching the hearing aid to input a second signal in place
of the first signal;
processing the second signal; and

outputting the processed second signal.

12. The method according to claim 11, wherein the step of automatic switching

includes the step of positioning a telephone handset adjacent the hearing aid.

13. The method according to claims 11 and 12, wherein the step of automatic
switching continues to imnput the second signal until the magnetic device is

removed from the hearing aid.

14. The method according to claims 11-13, wherein the second signal is the

electromagnetic signal generated by a coil in the telephone handset.

15. The method according to claims 11-14, wherein the first signal is an audio

signal inputted into the hearing aid through a microphone.
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16. The method according to claims 11-15, wherein the first signal is an audio

signal produced by a telephone handset.

10
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