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(54) Title: EAR PIECE AND HEARING DEVICE WITH EAR PIECE

(57) Abstract: A hearing device has an ear piece for
insertion into an external auditory canal (2). The ear
piece is connected to or encased in an inflatable bal
loon (5) that may be selectively inflated and deflated.
When the balloon is inflated, it expands and braces
against the walls of the auditory canal. When it is de

flated, it may be withdrawn from the auditory canal (2).
The ear piece includes a magnetic wave generator (10)
that generates magnetic waves (9) and a forward wall
(7) facing toward the tympanic membrane (3) that is
coated with, formed with, or consists entirely of mag
netically susceptible material. The magnetic material is
exposed to the magnetic waves (9) generated by the
magnetic wave generator (10) and the forward wall (7)
thus converts the magnetic waves (9) to acoustic waves
(8) . An exterior device, such as a hearing aid, an MP3
player, a cell phone, or the like, feeds in signals to the
deep-insertion ear piece for driving the magnetic wave
generator (10) and thus the acoustic wave converter.



Ear piece and hearing device with ear piece

Background of the Invention

Field of the Invention:

The invention relates to a hearing device, in particular, a

hearing device for a hearing aid or a sound player.

Along with the ever-increasing miniaturization of electronic

devices and the increasing prevalence of audiological devices

that require direct delivery of sound to the human ear, there

is a desire to provide ever smaller devices that may be pla

ced in the auditory canal of a user.

For example, hearing devices are wearable hearing apparatuses

which are used to supply the hard-of -hearing . A variety of

different configurations of hearing devices are known, such

as, for example, behind-the-ear hearing devices (BTE) , hear

ing device with an external receiver (RIC: receiver in the

canal) and in-the-ear hearing devices (ITE), e.g. also concha

hearing devices or canal hearing devices (ITE - in-the-ear,

CIC - completely in the canal) . Similarly, headphones for the

personal delivery of auditory materials have recently become

more miniaturized and they have progressed to very small ear-

buds with in the canal speakers.

Primarily important components of a hearing device include an

input converter (e.g., a microphone), an amplifier, and an

output converter. In the case of a sound player (e.g., an MP3

player) , the signal originating from a memory is amplified

and fed to the output converter. Typically, the output con

verter in an electroacoustic converter (e.g., a miniature

loudspeaker) which converts the electrical signal into a me

chanical vibration. In the case of a loudspeaker, the vibra-



tion is converted to longitudinal pressure waves, also re

ferred to as sound waves, which impinge on the tympanic mem

brane of the user. There, the soundwaves are converted into

neurological signals which are fed to the brain, where they

are decoded for content.

In many cases, the considerable size of the devices poses a

drawback in that the device cannot be inserted into the audi

tory canal to a sufficient degree and that the distance be

tween the receiver and the eardrum remains quite large. Fur

ther, it also poses a disadvantage with regard to the cosmet

ics requirements of such hearing devices.

United States Patent No. US 7,227,968 B2 describes a two-part

hearing aid in which the receiver, which is separate from the

remaining components, may be inserted deep into the auditory

canal. The receiver houses a speaker, which is driven by way

of an electrical connection through the canal. The receiver

housing is formed with a sound opening that faces towards the

eardrum and that allows the speaker to address the eardrum

directly and at only a small spacing distance. The receiver

housing is surrounded by an inflatable soft shell, by way of

which the receiver is fixed in the auditory canal.

Similarly, U.S. Patent No. US 7,425,196 B2 also describes a

receiver module for a hear aid that may be positioned deep in

the auditory canal. The receiver housing is surrounded by an

expandable material, which may be expanded against the walls

of the canal.

Brief Summary of the Invention

It is accordingly an object of the invention to provide an

in-the-ear hearing device, which overcomes the above-

mentioned disadvantages of the heretofore-known devices and

methods of this general type and which provides for a device

that is sufficiently small so as to enable complete insertion



in the ear canal and, as a result, to reduce the rest volume

between the sound generator and the ear drum. In addition, it

is desirable for the device to be protected against earwax

(i.e., cerumen) and moisture, yet be simple and inexpensive

to produce.

With the foregoing and other objects in view there is pro

vided, in accordance with the invention, an ear piece having

a size and a shape enabling it to be inserted into an exter

nal auditory canal. The ear piece includes an inflatable bal

loon and a housing attached to the balloon, and the ear piece

is further characterized by the following features:

the balloon being selectively inflatable so as to expand

and brace against a wall of the auditory canal and deflatable

so as to enable withdrawal of the ear piece from the auditory

canal ;

the housing including a magnetic wave generator for gen

erating magnetic waves; and

the ear piece having a forward wall disposed to face to

ward the tympanic membrane bounding an interior of the audi

tory canal and including magnetic material exposed to the

magnetic waves generated by the magnetic wave generator, the

forward wall converting the magnetic waves to acoustic waves

for the tympanic membrane.

In accordance with an advantageous feature of the invention,

there is provided a signal connection for feeding signals to

the ear piece for driving the magnetic wave generator and the

forward wall of the balloon. The signal connection may be wi

reless or it may be wire bound. In a CIC device, for in

stance, the ear piece with the forward wall may simply form

an protruding extension of the device and, in that case the

exposed cable connection may not be necessary.

In a preferred embodiment, the forward wall of the ear piece

is formed by the forward wall of the balloon, which is coated

or treated with magnetic material (i.e., magnetically suscep-



tible material) . In a further embodiment, the forward wall

consists in its entirety of such magnetic material. In one

embodiment of the invention, the forward wall of the balloon

is a substantially solid disc of magnetic material integrally

formed with, and forming a part of, the balloon.

The drive signals or control signals, as well as the energy

supply, may be carried in an electric cable connected through

the ear canal. The cable may also form a tether for the re

moval of the deep-insertion ear piece and/or it may limit an

insertion into the canal and towards the ear drum.

In accordance with again another feature of the invention,

there is provided a tube pneumatically connecting the balloon

with an exterior pump for selectively inflating the balloon.

In an alternative embodiment, the pump may be disposed in the

housing of the ear piece for selectively inflating and de

flating the balloon, and a pneumatic connection enabling as

piration of air through the auditory canal for inflation of

the balloon.

With the above and other objects in view there is also pro

vided a hearing aid with an external hearing unit selected

from the group consisting of behind-the-ear (BTE) , in-the-ear

(ITE), concha, in-the-canal (ITC), and completely-in-the-

canal (CIC) hearing units, connected to an ear piece as out

line above. The hearing unit and the ear piece are connected

by way of the above-noted signal connection, and they to

gether form the hearing aid. In the case of a CIC hearing

aid, the external unit and the ear piece may be formed as an

integral unit.

In other words, the part of the balloon which is placed close

to the ear drum is treated or coated with magnetic material

(i.e., magnetically susceptible material). In the alterna

tive, it may also be formed entirely of such material. An

electromagnetic output device is disposed in functional vi-



cinity of the magnetic material of the balloon. The electro

magnetic output device interacts magnetically with the mag

netic material of the balloon in order to produce acoustic

waves. The interaction is controlled by a control unit, which

receives signals from the input unit. The latter may be a

hearing aid, an MP3 player, a cell phone, or any other such

electronic device.

In the case of a hearing aid implementation of the invention,

the microphone, the amplifier, the control unit, and the po

wer supply may be disposed in an external unit, such as a BTE

(behind-the-ear ) unit or an ITE (in-the-ear) unit, or in a

CIC or concha device. The inflation pump may be disposed in

the ear piece itself or in the external or partly inserted

unit. The ear piece, or particularly the deep-insertion unit,

is electrically connected to the other unit by way of an

electrical control cable and, in one case, also through a

pneumatic hose.

The placement and fixation of the respective devices by way

of otoplastic materials need not be described in further de

tail. Those of skill in the art of hearing devices are quite

familiar with the pertinent technology and are able to con

figure the respective system according to the specific re

quirements .

Other features which are considered as characteristic for the

invention are set forth in the appended claims.

Although the invention is illustrated and described herein as

embodied in a hearing device with a sound transducer to be

fully inserted into an auditory canal, it is nevertheless not

intended to be limited to the details shown, since various

modifications and structural changes may be made therein

without departing from the spirit of the invention and within

the scope and range of equivalents of the claims.



The construction of the invention, however, together with ad

ditional objects and advantages thereof will be best under

stood from the following description of the specific embodi

ment when read in connection with the accompanying drawings.

Brief Description of the several views of the Drawing

Fig. 1 is a schematic view of an outer ear and an auditory

canal leading to an ear drum bounding the canal;

Fig. 2 is a slightly enlarged view of the auditory canal with

a first embodiment and the retaining balloon fully inflated;

Fig. 3 is a similar view showing a second embodiment of the

invention; and

Fig. 4 is a similar view showing a third embodiment of the

invention in the form of a hearing aid with a deep-insertion

unit .

Detailed description of the invention

Referring now to the figures of the drawing in detail and

first, particularly, to Fig. 1 thereof, there is seen a human

ear 1 and an external auditory canal 2 . The auditory canal is

bounded by a tympanic membrane 3 , also referred to as the

eardrum. In unassisted hearing, pressure waves (sound waves

are longitudinal waves with changes in pressure) are funneled

at the concha la of the ear 1 , they travel through the exter

nal auditory canal 2 , also referred to as the ear canal or,

simply canal, before they impinge on the tympanic membrane 3 .

In assisted hearing, such as with hearing aids, the propaga

tion of the sound waves through the auditory canal 2 is in

terrupted. The sound waves are instead picked up by a micro

phone or the like, the resulting signal is processed, typi

cally by way of digital signal processing, and the processed



signal is utilized to excite an oscillator in the vicinity or

at the tympanic membrane 3 . In the case of ear buds for music

or telephony, the sound waves are directly injected at the

concha la for delivery through the auditory canal 2 .

The external auditory canal 2 is divided in Fig. 1 into three

sections of approximately equal length. A first region I in

cludes the concha la and an outer insertion region which

would typically receive a CIC device. A second region II ap

proximately covers the mid-section of the canal 2 . Finally, a

third region III is the bounded cavity in which the sound

generation of the instant invention is placed. The following

references to a "deep" insertion, therefore, will pertain to

the insertion of a device primarily into region III, and also

into region II.

Referring now to Fig. 2 , there is shown a hearing device ac

cording to the invention. The hearing device includes an ear

piece, which is illustrated here as a deep-insertion unit. In

a first embodiment, the ear piece includes a housing 4 and a

balloon 5 surrounding the housing 4 . The housing 4 is braced

against the balloon 5 by way of schematically illustrated

braces 6 . The braces 6 fulfill a suspension function, which

need not be rigid. The housing 4 should remain substantially

centered within the balloon 5 -- to assure that the housing 4

does not bang against the walls of the canal 2 upon consider

able shock impulses -- and it should retain its position re

lative to the forward wall facing the eardrum 3 .

The balloon 5 is formed of a flexible material which is im

permeable to cerumen, or earwax, and also to water. The term

"balloon" as used herein should be understood in its broadest

sense as an inflatable member. It may be in the form of a

balloon with resiliently stretchable material, or a bag, or

an accordion-type bellows with folded/crimped balloon shapes.

Further the material is chosen such that it provides a pleas

ant haptic feel as it is pressed against the wall of the ear



canal 2 and, once inflated, does not shift relative to the

canal 2 . The balloon 5 is preferably inflated with air, but

it is also within the invention to inflate by injecting a li

quid or a gel, or the like. It may also be possible to gener

ally fill the cavity inside the balloon surrounding the hous

ing 4 with an expandable foam. In order to deflate the bal

loon 5 , the air is evacuated out of the balloon so as to col

lapse the foam. The balloon 5 is preferably formed of sili

cone or latex, or any of the known flexible materials that

are used for otoplasties and other cavity-insertible products

known, especially, in the hearing aid arts. It may further be

covered on the laterally outside walls, i.e., the walls that

are braced into contact with the walls of the ear canal 2 ,

with a soft silicone or rubber material layer.

The forward wall of the balloon 5 -- illustrated on the

right-hand side in Fig. 2 -- is coated with, or formed of,

magnetic material 7. The coated or treated area of magnetic

material 7 forms a converter that produces acoustic waves 8

upon being excited by a controlled magnetic field 9 . In an

alternative embodiment, the wall forming the converter may be

rigid or substantially rigid, to improve acoustic quality and

ensure acoustic linearity. A magnetic disc membrane may be

integrated and/or vulcanized into the front of the balloon 5 .

It is only important to assure that the balloon 5 is entirely

tight and impermeable with regard to the filling or inflation

material, such as air.

The term "magnetic material" as used herein includes all mag

netically susceptible materials, such as iron and/or ferro

magnetic materials, as well as doped materials that are reac

tive to magnetic flux changes. The oscillatory movement of

the wall of magnetic material 7 is driven by the magnetic

field 9 which is generated by a magnetic wave generator 10.

The generator 10 is driven by a control unit 11 disposed in

the housing 4 and connected to a signal source via a cable

12. As previously described, the signal source may be a hear-



ing aid, an MP3 player, an earbud of a cellphone, or the li

ke. The cable 12 may include a power cord, so as to remotely

power the control unit 11. In the alternative, the ear piece

may contain its own power source in the form of a battery.

The generator 10 and the converter 7 are spaced apart by a

defined spacing distance. The distance is maintained by a

suspension 14, which allows the relative movement of the wall

7 in terms of its oscillation, but maintains the spacing dis

tance at its optimum value in order to assure acoustic line

arity.

The balloon 5 is pneumatically connected toward the exterior

by way of an inflation-deflation tube 13. The tube 13 is il

lustrated separately from the cable 12, but the cable 12 and

the tube 13 are typically guided as a single cord unit. It is

possible for the cladding of the signal/power cable 12 to

form the pneumatic tube 13. In the implementation of Fig. 2 ,

the balloon 5 may be inflated by way of an electric pump,

preferably reversible, or it may be inflated by manual infla

tion.

The illustrated cable 12 also represents a tether, with which

the deep-insertion ear piece may be safely removed from the

auditory canal 2 . In the case of a wireless connection (e.g.,

bluetooth) between the ear piece and the signal source, the

tether may still be advantageously provided.

Referring now to Fig. 3 , there is shown an alternative em

bodiment of the invention. Here, the ear piece itself in

cludes a pump 15. The operation of the pump 15 may be con

trolled from the outside. The cable 12 carries a correspond

ing signal for that purpose. The pump 15 may be reversible so

as to allow selective inflation and deflation of the balloon

5 . The cable 12 in this embodiment also includes a tube 13

through which fresh air may be aspirated by the pump 15 for



inflating the balloon 5 . In addition, the cable 12 carries

control signals and energy to the ear piece.

Referring now to Fig. 4 , there is shown yet a further alter

native embodiment. Here, the hearing device includes the

deep-insertion ear piece and a CIC (completely-in-the-canal)

or a concha unit 16. It will be understood, of course, that

the embodiment of Fig. 4 may utilize the ear piece of Fig. 2

with the remote pumping of the balloon 5 or the ear piece of

Fig. 3 with the integrated pumping system. The CIC or concha

unit 16 is shown with an air vent 17 or pressure compensation

vent .

The above system has been described with regard to an embodi

ment in which the balloon 5 is expanded against the walls of

the ear canal by inflation with a fluidic medium, such as air

or a liquid. It is also possible to fill the space surround

ing the housing 4 with the control unit 11 and the generator

10 inside the balloon 5 with an expandable foam. In that ca

se, the balloon 5 is "inflated" in that the foam expands. The

balloon 5 is then inflated by aspirating air (or another fil

ling fluid) out of the foam and collapsing the foam. In that

case, a vacuum is applied for placement of the ear piece and

for its removal from the ear canal. Once the ear piece is

properly in place, the vacuum lock is opened and the foam is

allowed to expand. This causes the balloon walls to brace

against the walls of the ear canal 2 .



Claims

1 . An ear piece for insertion into an external auditory ca

nal (2), comprising:

an inflatable balloon (5) and a housing (4) attached to

said balloon (5) ;

said balloon (5) being selectively inflatable so as to

expand and brace against a wall of the auditory canal and de-

flatable so as to enable withdrawal of the ear piece from the

auditory canal (2);

said housing (4) including a magnetic wave generator (10)

for generating magnetic waves (9); and

a forward wall (7) of the ear piece disposed to face to

ward the tympanic membrane (3) bounding an interior of the

auditory canal (2) and including magnetic material exposed to

the magnetic waves (9) generated by said magnetic wave gen

erator (10), said forward wall (7) converting the magnetic

waves (9) to acoustic waves (8) for the tympanic membrane

(3) .

2 . The ear piece according to claim 1 , wherein said forward

wall (7) of said ear piece is a forward wall of said balloon

coated with magnetic material.

3 . The ear piece according to claim 1 , wherein said forward

wall (7) of said ear piece is a forward wall of said balloon

consisting of magnetic material.

4 . The ear piece according to claim 1 , wherein said forward

wall (7) is a substantially solid disc of magnetic material

integrally formed with, and forming a part of, said balloon

(5) .

5 . The ear piece according to claim 1 , wherein said housing

(4) is substantially completely encased in said balloon (5) .

6 . The ear piece according to claim 1 , which further com

prises a signal connection (12) for feeding signals to the



ear piece for driving said magnetic wave generator (10) and

said forward wall (7) .

7 . The ear piece according to claim 6 , wherein said signal

connection (12) includes an electrical cable carrying elec

trical control signals and an energy supply.

8 . The ear piece according to claim 1 , which comprises a

tube pneumatically connecting said balloon (5) with an exte-

rior pump for selectively inflating said balloon.

9 . The ear piece according to claim 1 , which comprises a

pump disposed in said housing for selectively inflating and

deflating said balloon, and a pneumatic connection enabling

aspiration of air through the auditory canal for inflation of

said balloon.

10. The ear piece according to claim 1 , wherein the ear pie

ce has a size and a shape enabling deep insertion thereof in-

to the external auditory canal (2) and in close vicinity of

the tympanic membrane (3) bounding the auditory canal (2) .

11. A hearing device, comprising:

an ear piece according to any of the preceding claims;

and

an external unit for transmitting to said ear piece sig

nals for generating sound to be perceived by the tympanic

membrane .

12. The hearing device according to claim 11 formed as a

hearing aid, wherein the external unit is a hearing unit se

lected from the group consisting of behind-the-ear (BTE) , in-

the-ear (ITE), concha, in-the-canal (ITC), and completely-in-

the-canal (CIC) hearing unit.

13. The hearing device according to claim 11, wherein the

external unit is a sound player or a Telefone.
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